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Prognosis of Childhood Asthma 
-
Stellingen behorende bij bet Proefschrift van Jorrit Gerritsen: 
Prognosis of childhood asthma. 
Groningen, 25 januari 1989. 
Stellingen 
1. 
Maatregelen ter preventie van CARA-klachten bij kinderen dienen in families 
met een verhoogd risico reeds voor de geboorte genomen te worden. 
2. 
Bij de 50% van de volwassenen waarbij de CARA-klachten zijn verdwenen 
rond de puberteit, is gelet op de toename van de allergie en het behoud van de 
bronchiale reactie op allergeeninhalatie, CARA niet een 'self limiting disease'. 
3. 
lndien men een definitieve uitspraak doet over de prognose van een kind met 
CARA, zonder objectivering van de longfunctie en de mate van bronchiale 
hyperreaktiviteit, doet men aan waarzeggerij. 
4. 
Tachyphylaxie op histamine, bij herhaling gevonden bij volwassenen, is bij 
kinderen, noch in vivo, noch in vitro, aangetoond en lijkt vooralsnog alleen een 
theoretisch probleem. (Manning PJ, O'Byrne PM. Am Rev Respir Dis 1988; 
137:1323-5) 
5. 
In een CARA-team dient de huisarts een centrale rol te vervullen. 
6. 
De meeste adolescenten met CARA worden chronisch onderbehandeld. 
7. 
Behandeling van kinderen en volwassenen met cystic fibrosis dient in nauw 
overleg plaats te vinden met een daartoe gespecialiseerd centrum. 
8. 
Bij kinderen met wegrakingen moet altijd gedacht worden aan hartritme gelei­
dingsstoomissen. 
9. 
Er worden meer kunstenaars gemaakt dan geboren. 
10. 
Het uitvoeren van klassieke muziek op authentieke instrumenten is vaak al 
eeuwen achterhaald. 
11. 
Ontwikkelingssamenwerking is vooral door bet Nederlandse bedrijfsleven als 
zeer stimulerend ervaren. 
12. 
Door de beschikbaarheid van bekende muziekwerken in velerlei uitvoeringen 
bestaat de neiging om de interpretatie hiervan welhaast belangrijker te vinden 
dan de compositie zelf. 
13. 
Poppenspel is een slechte incest-"simulator". 
14. 
De gemiddelde levensverwachting van een sigaretten-roker is recht evenredig 
met de hoeveelheid geld die wordt besteed aan rookpreventie en omgekeerd 
evenredig met de overheidsinkomsten uit tabak-accijnzen. 
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Chapter 1. 
General Introduction and aim of the study. 
This thesis deals with the predictability of the outcome of childhood asthma on 
the basis of objective criteria. The influence of the degree of bronchial obstruc­
tion, hyperreactivity of the airways, and allergy in childhood on the presence of 
ongoing respiratory symptoms in adult life is still only partly understood. The 
only way to unravel this complex puzzle, however, is by measuring objective 
criteria. In a follow-up study, we therefore investigated changes in respiratory 
symptoms, circulating eosinophils, lung function, skin allergy, and airway 
response on inhalation of histamine and of house dust. 
The aims of the present studies were to investigate some aspects of airway 
reactivity like the time course of a bronchoconstriction induced by the in­
halation of nebulized histamine, and the relation between the B-adrenergic 
system on the airways and the degree of airway reactivity to histamine, and to 
investigate what childhood factors predict the outcome of asthma in adult life. 
The outcome variables in adulthood were: ongoing respiratory symptoms, 
degree of bronchial obstruction, airway reactivity to histamine, number of 
positive skin tests, eosinophilia, and airway reactivity to house dust. The 
childhood factors were: age during the first survey, age of onset of respiratory 
symptoms, symptom score, degree of bronchial obstruction, degree of airway 
reactivity to histamine, years between the first and second survey, atopic 
eczema, number of positive skin tests, eosinophilia, and airway reactivity to 
house dust. 
1.1. Asthma in childhood. 
Asthma, a common condition in adults and children in the Netherlands, can be 
defined as a disease of the airways that causes them to narrow too easily and too 
much in response to stimuli that have little or no effect in normal subjects (1-4). 
Epidemiological studies in children showed that approximately 20 per cent of 
the children have had symptoms which can be ascribed to asthma, and chronic 
bronchitis, also defined as chronic non-specific respiratory disease syndrome 
(CNSRD) (1-4). Boys are 1.5 to 2 times more likely to have CNSRD than girls. 
The asthma diagnosis is based on the presence of the following symptoms: 
wheezing on most days or nights, attacks of shortness of breath with wheezing 
(whether or not in combination with cough or phlegm production}, shortness of 
breath when playing with children of the same age on level ground, or (as an 
adult} shortness of breath when walking with people of the same age on level 
ground. The complaints must not be due to other concurrent pulmonary dis­
eases like tuberculosis, cystic fibrosis, collagen diseases or corpus alienum. 
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In 87% of the children with CNSRD, the onset of respiratory symptoms is 
before the age of five (3). 
Studies of the prevalence of asthma or asthma-like symptoms in children show 
considerable differences. Estimates of prevalence range from less than 1 % up 
to 20% (3-12). These rather large differences between these studies depend 
upon the criteria adopted for the diagnosis of asthma. Although precise data are 
difficult to obtain, it is likely that the incidence of asthma in children of 
European descent is high. 
Studies indicate that genetic factors play a role in the development of asthma. It 
seems to be inherited on Mendelian lines, but there is a possibility that it is 
inherited on a multifactorial basis, and that environmental factors are impor­
tant as well. An indication for the likelihood of this theory is that the incidence 
in Indian children born in England appears to be as high as in Caucasian 
children born in England (7). Environmental factors are: viral lower respiratory 
tract infections, housing, climate, air pollution, gas cooking, and maternal 
smoking (13-25). 
1.2. Natural history of asthma. 
In pediatric practice, one of the most common questions of parents of children 
with asthma is: 'At what age will my child outgrow his or her asthma ?' If they 
are told that about one half of the children will become symptom-free in adult 
age, the subsequent question is: 'How can the outcome of the illness of my child 
be predicted?' Despite a number of studies dealing with this problem, it still is 
common practice for many physicians to comfort the parents of an asthmatic 
child with the assurance that most children 'outgrow' their illness during puber­
ty. This favourable prognosis has become generally accepted despite the skep­
tics who believe that the patients merely outgrow their pediatricians (26). 
Surveys of the natural history of asthma are mostly incomplete. Many studies 
are based on subjective definitions of asthma and its severity and are based on 
selective samples of population. Besides, most studies rely on questionnaire 
answers, and a number of surveys include relatively short periods of observa­
tion. An important problem is the disputable issue of the 'complete remission'. 
Not having ongoing respiratory symptoms has been variously defined as com­
plete freedom from asthma varying from 2 to 5 years, or improvement in 
symptoms or no symptoms at the time of final assessment, and not always the 
same criteria have been used at the beginning and the end of the survey. 
Generally, the studies investigating the outcome of childhood asthma, whether 
these were designed prospectively or retrospectively, or were done in a selected 
group of patients, or in a cohort of the population, all find that approximately 50 
per cent of the children outgrow their disease. Rackemann and Edwards 
(1925-1950) examined clinical records of 717 individuals who developed asthma 
before 13 years of age (27). Twenty-nine patients could not be traced after a 
mean period of 20 years, and 49.1 per cent of the remaining subjects had no 
respiratory symptoms. Kraepelin found in his questionnaire study, with an 88% 
response rate, among 528 subjects, that 29.6% were asymptomatic for five 
years or more (28). Using a questionnaire on their 722 private pediatric pa­
tients, Buffum and Settipane found that retrospectively after 10 years 41 % , and 
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after 20 years 51 % of the patients had been asymptomatic for a year or more 
(29). Blair prospectively studied 244 children under 12 years of age from a 
London general practice over a period of 20 years; he found that 52% had been 
completely symptom-free for more than two years (30). Williams and McNicol 
started a prospectively designed follow-up study in 30.000 children, reflecting a 
birth cohort of 7 year-old primary school children in Melbourne (31). Martin 
carried on this study, adding a group of 83 severely affected children aged 10 
years from the same birth cohort, and found that at the age of 21, 54% of the 
whole group of subjects was symptom-free (32-37). Recently Kelly and co­
workers reported on the same cohort (38). The response rate was 77% at the 
age of 28 years. Only 32% had been wheeze-free for at least three years. The 
high percentage of subjects with ongoing respiratory symptoms may be due to 
the addition of a group of severely affected patients, which makes the in­
terpretation of the results less definitive. Only a few surveys are based on 
objective longitudinal measurements of lung function and hyperreactivity 
(31,32,38,39). In these studies, however, hyperreactivity was not measured in 
all subjects and throughout the study. 
Population studies have shown that the incidence of asthma in boys is 1.5 or 2 
times higher than in girls (3,4,31). This difference diminishes gradually from 
childhood to adulthood (32,38). The underlying cause of this shift in incidence 
is unknown. 
A high prevalence of asthma is reported in first-degree relatives of children with 
asthma (40,41). It has been suggested that asthma and atopy are inherited 
separately and that allergy aggravates the severity of asthma (40,41). A similar 
relationship for eczema was established in relatives of children with eczema, 
and for hay fever in relatives of children with hay fever (42,43). 
A number of studies focused on possible risk factors that have a predictive value 
for the outcome of childhood asthma. Factors which may predict the long-term 
prognosis of the asthmatic child are: manifestations of the first symptoms 
before the age of two, eczema, respiratory viral infections, degree of bronchial 
obstruction in childhood, breast-feeding and smoking of the mother (21,29-40). 
1.3. Allergy. 
Allergy is one of the common causes of childhood asthma. It is the leading cause 
for chronic conditions of the respiratory tract, of school absenteeism, and is 
responsible for a wide range of problems for the child and its family (44). 
The term 'allergy' was coined in 1906 by von Pirquet, following his recognition 
with Bela Schick that antibodies could cause, as well as ameliorate, disease 
(45). The term, taken from the Greek allos ('change in the original state') 
referred to the concept that an encounter with a foreign substance induced an 
alteration in specific responsiveness, so that subsequent contact with that 
substance was heightened (hypersensitivity) or decreased (hyposensitivity or 
immunity). 
Allergy can be defined as the adverse consequence of a specific immune event, 
that is, of the interaction between antigen and antibody or sensitized lympho­
cytes. Gell and Coombs made their classification of hypersensitivity reactions; 
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since then the terminology has become universally accepted. Mast cell degran­
ulation caused by reaginic antibodies (IgE) was subsequently called type I 
allergy ( 46). 
Allergy for inhalant allergens is not unique for subjects with asthma, hay fever 
or atopic dermatitis. A study in school children in Groningen has demonstrated 
that two-thirds of the children has a positive skin test for house dust (47,48). 
Other studies performed in population cohorts also show that a large percent­
age of the population has one or more of these atopic signs. The prevalence of 
positive skin tests in different studies varied from 9% to 49%, and depends on 
the age of the population, the number and type of allergens tested, and the 
criteria applied to define a positive test (49-56). 
Allergies for inhalant allergens are long-lasting. In a number of population 
studies it has been demonstrated that with increasing age, allergy as measured 
by skin-test reactivity increases from childhood to adulthood (31,34,56-58). A 
cross-sectional study indicates that skin-test reactivity decreases after the age of 
40 (56). Although no longitudinal data are available on the long-term changes 
of skin reactivity in asthmatics, it is apparent that they behave in the same way. 
It is well-established that an immediate obstructive response can develop when 
allergic asthmatic subjects are exposed to specific antigens. This may be fol­
lowed by a second wave of airway obstruction 3 to 8 hours later (47, 48, 59-61). 
This dual pattern results from the bronchial contraction during the early re­
sponse and elaboration of mediators, which may induce airway inflammation 
and a late phase bronchial response, and results in an increase in asthma 
morbidity by elevating the sensitivity of the airways to non-specific stimuli 
(62-64). The incidence of the isolated immediate, isolated late, and dual reac­
tions after antigen challenge has been reported to range from 9% to 53%, from 
7% to 50%, and from 18% to 84%, respectively (47, 48, 59-61, 65-67). The 
concentration of antigen used for challenge (68, 69), the nature of the antigen 
(70), the particle. size and delivery system (71), and previous viral infections 
affect the pattern of response. 
The conventional opinion regarding the pathogenesis of the late reaction to 
antigen holds that mediators released during the immediate response result in 
an activation of eosinophilic cells and airway inflammation some hours later 
and produce a second wave of airway narrowing (62-64). Evidence for a cellular 
reaction was already documented in our patient group during the first study in 
childhood, since an increase in eosinophils following the late allergic response 
was found (47). 
Studies have demonstrated that during both the early and late response follow­
ing allergen challenge, neutrophil chemotactic factor (NCF-A) can be detected 
(72, 73). Elevations in plasma and urine histamine during the early response 
and the late response have been found by some, but not all, investigators 
(74,75). Bronchoalveolar lavage (BAL), performed shortly after the immedi­
ate response and during the late reaction following allergen challenge, revealed 
that during late response a significant eosinophilia was accompanied by elevat­
ed eosinophil cationic protein/albumin ratios, and that these eosinophils 
showed signs of degranulation compared with controls and those patients who 
demonstrated an early response (76, 77). These studies indicate that airway 
inflammation occurs following allergen challenge and that certain features of 
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this reaction are characteristic of late-phase responders. Already in 1952 it was 
pointed out that the late bronchial reaction was of 'great practical importance' 
and was associated with more severe asthma than in patients without late 
reactions (78). In contrast to the early reaction, pretreatment with corticoste­
roids which reduces airway inflammation usually abolishes the late asthmatic 
reaction (78). Al this indicates that the allergen response may be of great 
importance for the outcome of childhood asthma. 
1. 4. Hyperreactivity. 
Airway hyperreactivity is a common and important characteristic of asthma, 
and can be defined as the increased sensitivity of the airways to different stimuli 
(cold air, sulphur dioxide, fog, and exercise). These patients develop a greater 
degree of bronchial obstruction in response to a wide variety of stimuli than 
healthy subjects. The majority of the asthmatics and part of the non-asthmatics 
have a certain degree of hyperreactivity (79, 80). A number of factors increases 
the degree of airway responsiveness, especially in children with asthma, such as 
viral infections, allergen exposure, smoking of the mother (24, 25, 62). 
Also in non-asthmatics, uncomplicated viral infections can produce pulmonary 
airflow obstruction that is limited principally to the smaller airways. Lung 
function changes are usually mild, but may persist for weeks beyond clinical 
illness and can cause transient airway hyperreactivity (81). Children who 
wheeze during respiratory tract infections in early life tend to have recurrent 
episodes of asthma later on, although these episodes are mild and infrequent 
(16, 22, 82). The incidence of wheezing in viral respiratory tract infections is 
30% in children and 11 % in adults (83-85). The mechanisms by which respira­
tory viruses cause airway hyperresponsiveness are not completely clear. It has 
been speculated that the infecting virus injures the bronchial epithelium and 
thus increases the sensitivity of rapidly adapting sensory fibres of the vagal 
nerve to stimuli like histamine, since pretreatment with aerosolized atropine 
diminishes the enhanced response to histamine and is considered presumptive 
evidence that a vagal reflex is involved (86). Further evidence was given in a 
study in guinea-pigs infected with a Parainfluenza-3 virus; they were found to 
have a significantly enhanced airway response to histamine, which was blocked 
by transsection of the vagus nerve or pretreatment with hexamethonium or 
large doses of atropine (87). 
In general, data concerning bacterial infections as causes of wheezing and 
increase in airway reactivity are sparse (88). 
It has been suggested that increased airway responsiveness is related to airway 
inflammation (89). Increased airway histamine responsiveness is a prerequisite 
for allergen-induced late asthmatic response (90-92). The increase of airway 
responsiveness after allergen exposure may be ascribed to the degranulation of 
eosinophils and mast cells and the subsequent introduction of major basic 
protein, eosinophilic chemotactic factor, and other mediators onto the surface 
of the epithelium, causing loss of, or damage to, the epithelial surface and 
inducing airway inflammation (93). Major basic protein as a degranulation 
product of eosinophils proved to cause damage of epithelial surface, and causes 
a secondary increase in bronchial hyperresponsiveness (94). Another inflam-
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matory mediator which has a wide range of activities is platelet activating factor 
(PAF), which is produced by different cells. It has the ability to induce a 
sustained increase in bronchial responsiveness (95). 
It seems likely that the tendency towards airway responsiveness is at least partly 
inherited. Family studies and studies in twins have indicated that airway reac­
tivity in asthma might be a heritable trait (83, 96, 97). 
Bronchoconstricting stimuli that are often used to assess airway reactivity 
include inhalation of aerosols of histamine, methacholine, acetylcholine, distil­
led water, hyperventilation with cold, dry air, and exercise. A high correlation 
has been observed between methacholine, acetylcholine and histamine respon­
siveness, and a moderate degree of correlation between reactivity to methacho­
line and cold air challenge (98, 99) . These stimuli produce bronchoconstriction 
by different mechanisms, and individual reactivity to these different agents may 
vary. 
The non-specific airway reactivity can also be determined by the inhalation of 
the 8-blocking agent propranolol (100, 101) .  The exact mechanism by which it 
produces bronchoconstriction is not understood. It has been suggested that 
patients with asthma have increased cholinergic activity, and 8-adrenergic 
activity may be considered as a counter-balance, opposing bronchial obstruc­
tion. Blockade of 8 adrenoreceptors by propranolol will leave the cholinergic 
activity uninhibited (102). This hypothesis is supported by the observation that 
in asthmatic patients, prior administration of atropine can substantially reduce 
or even block the bronchial response to propranolol (102). 
The pathophysiologic significance of increased airway reactivity may potential­
ly be of importance in the development of chronic airflow limitation (103). To 
date, no reports are available on the influence of airway reactivity in childhood 
on the long-term prognosis of asthma. A follow-up of 81 adults with chronic 
obstructive lung disease demonstrated that bronchial responsiveness to hista­
mine, assessed in the beginning of follow-up, was correlated with the rate of 
decline in FEV1 (104). No relationship was found between baseline level of lung 
function and a bronchodilator response, but a relationship between baseline 
level of lung function and a bronchoconstrictor response was present. 
1.5. Airway obstruction. 
An important determinant of airway reactivity prior to administration of a 
bronchoconstricting agent is airway calibre (105, 106). An association between 
the level of airway obstruction and the degree of airway reactivity has been 
assessed, both in population studies (84, 107, 108) and in asthmatic subjects 
(106, 109). However this relationship has not always been observed in clinical 
studies of asthmatic subjects (1 10). In patients with asthma, selection of sub­
jects for clinical studies of airway responsiveness may be biased in favour of 
individuals without a 'severe' degree of baseline airway obstruction. In our 
study on the recovery of FEV1 after histamine challenge, only children with a 
FEV1 of 70% or greater than predicted were included (106). In adults a close 
correlation between this parameter, and the degree in airway reactivity has 
been demonstrated, especially if subjects were also included with a FEV1 
% pred below 70% (11 1).  
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There is only limited knowledge about the effect of bronchial obstruction in 
childhood on the outcome of asthma in adult life. Most studies only reported 
about measurements in adulthood (112-115). A low FEV1 was found in a group 
of randomly selected adults 20-44 years of age, which included a group which 
was termed 'ex-asthmatics'. A problem with this study is that it relied on the 
memory of adults (1 12). In another follow-up study (37) it was demonstrated 
that many subjects with minor wheezing in early childhood do not remember 
this in early adult life. Therefore, it can be expected that in the study of Burr 
(112) the more 'severe' asthmatics were selected. Jones (113) found in a group 
of university students with a continuing history of wheezing from childhood that 
they had a significantly lower mean FEV1 than the predicted value. The group 
with a similar childhood history, but who had been asymptomatic for 4 years, 
had a mean FEV1 that was not significantly different from predicted. Blackball 
(114) and Cade (115) found no significant differences in FEV1 % pred between 
a group of subjects who had asthma in childhood and a control group. 
In a 14-year follow-up a representive group of 277 asthmatic children and 65 
controls was studied, randomly selected in 1964, from a single age stratum of 
30.000 Melbourne school children. Also another group of a sample of more 
severely affected asthmatic children was studied coming from the same age 
stratum in 1967 and 1968 (31, 32, 116, 117). The subjects were studied when free 
from exacerbations of wheeze, and were graded on wheezing. During follow­
up, FEV1 % pred in the subjects with the highest degree of wheezing was 
significantly lower if compared with the other wheeze groups and with the 
control group at the ages of 7, 10, 14, 21 , and 28. Those with the most severe 
asthma at 28 show a steeper decline in FEV,NC from the age of 10 than the 
other severity groups (117). However, they did not look at the change in 
FEV1NC in the most severe group at the age of 7, and give no information 
about the predictive value of this lung function parameter. It is not clear how 
many subjects in this most severely affected group of patients with wheeze came 
from the group of patients who were added at the age of 10. It can nevertheless 
be expected from their results that children with a severe degree of bronchial 
obstruction have a worse prognosis when compared with the children without 
or with a minor degree of bronchial obstruction. The calculations were not 
stratified for smoking and sex. Further 'non-mixed' follow-up cohort studies are 
needed to solve problems about factors which predict the outcome of childhood 
asthma. 
1 .6. Smoking. 
Despite a decline in the overall proportion of regular cigarette smokers among 
adults in the Netherlands, the frequency of cigarette smoking among pre-teen 
and teenage children is still high (118). 
Cross-sectional studies of cigarette smoking in children and adolescents have 
demonstrated an increased frequency of acute respiratory illness (119-121), but 
also of chronic respiratory symptoms (121-124) in current smokers. Other 
cross-sectional studies in the same age groups have demonstrated that current 
smokers have small but significant reductions in FEV1 (124-127) and reduced 
levels of peak expiratory flow (128). 
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Studies on the influence of passive smoking in children have demonstrated an 
increased frequency in early childhood bronchitis or pneumonia (129). Other 
studies in the same age groups demonstrated that children exposed to passive 
smoking have small but significantly lower FEV1 values (129-132). 
Cigarette smoking may also be an additional, independent, cause of increased 
airway reactivity. However, the data are conflicting. A number of studies found 
no differences in airway reactivity in smokers and non-smokers (133, 134) , or 
found less responsiveness in smokers (135, 136) , or increased responsiveness in 
smokers (137-140). Data on effects of smoking on airway responsiveness in 
children are limited, only a slight influence of maternal smoking and bronchial 
responsiveness has been demonstrated (132). 
Longitudinal and cross-sectional studies in children have indicated that children 
who begin to smoke at 15 yrs of age and continue to smoke would achieve only 
92% of their expected FEV1 and 90% of their expected PEF25_75 (130). 
Patients with severe asthma tend not to become regular smokers or smoke less. 
An association between asthma and smoking in a cross-sectional sample of 
adults has been reported (141), and also an association between asthma and 
smoking among allergy skin test negative subjects (142). On the other hand, the 
incidence of newly diagnosed asthma is greater among smoking than non­
smoking adults (10). 
To date, no data are available on the long-term effects of smoking in children 
with asthma. Long-term follow-up studies on large series of asthmatics are 
needed, which are stratified for sex, allergy and smoking, to measure the 
long-term effects of smoking on lung function, airway reactivity and allergy. 
1. 7. Other environmental factors. 
Until school age, children spend almost the whole day indoors. On school age, 
depending on the type of school, they spend about 70 to 80 per cent indoors. 
This indicates that indoor factors might be important for the development of 
respiratory disease. 
It has been accepted world-wide that one of the first measures in the treatment 
of patients with asthma is to reduce exposure to house dust, particularly in the 
bedroom. Convincing evidence for the role of house dust and house dust mites 
would be to demonstrate that patients improve when exposure to dust in their 
houses is decreased. It was postulated that much of the improvement in asthma 
that occurred in hospital or at high altitude sanatoria could be attributed to 
reduced exposure to (dust) mite allergens (143, 144). Many mite or dust allergic 
patients improve in hospital. Reported measures in patients' houses have been 
successful, or unsuccessful ( 144-14 7). Success has been reported after removing 
carpets from bedrooms, covering mattresses with plastic, and washing bedding 
regularly. These measures produced clinically significant improvements in 
these patients (144, 147). 
In most studies on allergen avoidance, clinical improvement has been assessed 
by increased peak flow rate or reduction in need for medication. Some studies 
have also investigated whether avoidance of mite allergens can lead to de­
creased bronchial reactivity. A large group of house dust-allergic children who 
spent 1 year or more at a sanatorium in Davos, Switzerland, improved clinical-
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ly, and in addition, reduction in bronchial reactivity to histamine was found 
(148) . When patients stay in a 'climate chamber', a large proportion of them 
improve (149). In five out of seven mite-allergic patients with asthma living for 6 
weeks or more in a dust-free hospital room, it was demonstrated that bronchial 
reactivity to histamine decreased significantly (150). 
It can be concluded that an important environmental factor in asthma is 
allergen concentration in the house. An important measure to improve lung 
function, and to reduce illness and hyperreactivity is avoidance of allergens. 
This ideal situation cannot always be reached in clinical practice. If one or both 
parents are allergic, preventive measures must already start before birth. 
Children are also exposed to other indoor pollutants. One of the already 
mentioned pollutants is tobacco smoke. Tobacco smoking in the home aug­
ments levels of respirable particulates, nicotine, polycyclic aromatic hydrocar­
bons, CO2, N02, and other potentially harmful substances. The effects of 
cigarette smoking either active or passive have already been discussed. 
Almost all homes in the Netherlands have gas cooking appliances. Combustion 
of gas during cooking and the burning of pilot lights releases N02, CO, CO2, 
and water. Many studies have reported on the effect of gas cooking on respira­
tory illness and symptoms in children. The results of these studies are conflict­
ing. Some studies find no association between gas stove use and respiratory 
illnesses (151-155). Other studies found clear or borderline effects of gas 
cooking (156-158). 
Other indoor factors are the use of multi-burners, formaldehyde from fi­
berboard, plywood, particle board, carpet backing and fabrics, personal care 
products, glues and resins. 
To what extent all these factors contribute to respiratory disease and allergy is 
not well known and is in its complexity difficult to analyze. It may, however, be 
expected that these factors aggravate airway reactivity. 
Another factor which has been associated with the development of respiratory 
symptoms in childhood is breast-feeding. Food allergens may be transmitted in 
milk from the breast. It has been shown in a large series of infants that atopic 
symptoms can develop after the ingestion of maternal breast milk (159). These 
infants showed clearing of symptoms when the allergen was removed from the 
maternal diet, and developed allergic symptoms within 12 to 24 hours when the 
allergen was reintroduced into the maternal diet. Therefore, consumption of 
major allergens, such as peanut, milk, egg, and fish should perhaps be limited in 
the diet of mothers of infants predisposed to atopic disease. 
A prospective study evaluated the effects of exclusive breast-feeding in 135 
infants born to atopic parents (160) .  One group was exclusively breast-fed for 
the first 6 months of life and was then allowed to add hypoallergenic foods to the 
diet. The second was exclusively breast-fed for 3 months, and then hypoal­
lergenic foods were added. Evaluation at 1 year revealed that infants in the first 
group had less a topic dermatitis and lower rates of food hypersensitivity. 
Further follow-up at 3 years, however, failed to indicate significant differences 
between the groups. This raises the question as to whether exclusive breast­
feeding is prophylactic or merely postpones the atopic symptoms. Recently it 
has been suggested that allergen avoidance by the mother during the second 
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and third trimester followed by an exclusion diet may be more beneficial than 
breast-feeding alone (161). 
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Chapter 2 
Recovery of FEV I after histamine challenge in asthmatic 
children 
Jorrit Gerritsen1, Gerard H Koi!ter, Hans J Akkerboom1, and Klaas Kno/1. 
Summary. 
Factors that influence the time necessary for complete recovery of FEV1 after 
inhaling histamine were analysed in forty-five children with asthma. These 
included the initial bronchial obstruction (baseline FEV1) , the provocation 
dose of histamine producing a 20% fall in FEV1 (PD20) and the fall in FEV, after 
the histamine challenge. In addition it was investigated whether a second 
challenge carried out after complete recovery of FEV1 would produce a repro­
ducible PD20-histamine value. The time for complete recovery varied widely 
from 15 to more than 75 min. The time needed for complete recovery of FEV1 
after the histamine challenge seems to be mainly determined by the PD20 value. 
The other factors such as initial bronchial obstruction and the fall in FEV 1 after 
the challenge showed no significant relationship with the recovery time. A 
second challenge with histamine resulted in a highly reproducible PD20 value. 
The clinical implication of this study is that other tests can only be performed 
when FEV1 has returned to 95% of baseline. 
Introduction. 
An increased airway reactivity can be determined by inhalation provocation 
tests with histamine or methacholine in almost all children and adults suffering 
from asthma (1-4). 
An assessment of airway reactivity by performing these tests is often made to 
estimate the severity of the disease (2,5). The time course of bronchoconstric­
tion after a challenge with histamine, methacholine or acetylcholine has been 
the subject of study in adults with asthma, but not in children (6-8). 
The present study was designed to examine the time necessary for complete 
recovery of FEV1 after inhaling histamine, and to establish the influence on 
recovery time of the initial bronchial obstruction (baseline FEV 1) , the provoca­
tion dose of histamine producing a 20% fall in FEV 1 (PD20) , and the fall in FEV 1 
after the histamine challenge. 
In addition we investigated whether a second challenge carried out after com­
plete recovery of FEV1 would produce a reproducible PD20-histamine value. 
From the Department of Paediatric Pulmonology1 and the Department of Pulmonology2 of the 
University Hospital Groningen, the Netherlands. 
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Subjects and methods. 
Subjects. 
Forty-five asthmatic children, fourteen girls and thirty-one boys, aged between 
8 years and 15 years, were included in the study after the informed consent of 
both the children and their parents. Their asthma was in a controlled state at the 
time of the study. None of the subjects needed oral corticosteroids regularly or 
sustained release theophylline preparations. Their maintenance therapy in­
cluded cromoglycate, or low doses of beclomethasone and a beta2-agonist on an 
if-needed basis. All were atopic as defined by a reaction to at least one allergen 
on intracutaneous testing. 
The baseline FEV1 values were above 70% of those predicted (9). All the 
children had a known increased bronchial reactivity to inhaled histamine. 
Histamine challenge. 
Vital capacity (VC) and forced expiratory volume in 1 sec (FEV1) were mea­
sured with a Lode water sealed spirometer. 
The histamine aerosol was generated by a gauged Wiesbadener Doppel-in­
haler. The flow through the inhaler was 8 l min·1 , resulting in an aerosolized 
volume of 110-120 µl min·1 and a droplet size of <5 µm (10). The histamine 
aerosols were inhaled during tidal breathing for 30 sec. The children wore a 
nose clip during the inhalation and lung function manoeuvres. The subjects 
started with the inhalation of saline after the baseline FEV1 measurements. 
FEV1 measurements were carried out immediately and again 3 min after each 
inhalation. The concentrations of the histamine solutions were 0.75, 1.5, 3, 6, 
12, 24, 48 and 96 µmol 1·1 • The inhalations were stopped as soon as the fall in 
FEV1 had reached 20% of the baseline FEV1 • 
Responses were expressed in terms of the provocation dose producing a 20% 
fall in FEV1 (PD20} .  This was obtained from fitting a 'smoothed' curve through 
the last three measuring points, two before and one at reaching the final 
concentration, using a Cyber computer and calculating 80% of the pre-test 
FEV1 intersection (11). Maintenance therapy was withdrawn for at least 24 hrs 
prior to the tests. 
Recovery of FEV1 after histamine provocation. 
The length of time for a complete recovery of FEY 1 after challenge with 
histamine was measured every 15 min after inhalation of the final concentration 
up to 60 min. If by that time the FEV1 had not reached 95% of the baseline 
FEV1 the measurements were continued up to 75 min. 
The fall in FEV1 after inhaling histamine was expressed as a percentage of 
baseline FEV1 • 
Reproducibility of PD20 with repeated histamine challenges. 
In fifteen children the histamine inhalation test was repeated 60 min after the 
end of the first challenge. This second challenge was started when the FEV1 had 
reached 95% of the pre-test value. 
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Statistical analysis. 
Statistical analysis of the data was carried out using the SPSS programme 
(version 90) on a Cyber computer. 
The relationships between the time of complete recovery vs FEV 1 % pred, PD20 
and fall in FEV1 were evaluated by separate one-way analysis of variance. The 
correlations between PD20 and FEV1 % pred and the reproducibility of PD20 
values were carried out using Pearson's correlation test. 
Results. 
The data of the forty-five children are presented in Table 2.1. In the same table 
PD20-histamine and the fall in FEV1 after challenge are given next to the time of 
complete recovery in FEV1 • 
PD20 and baseline FEV1• 
The PD20 and baseline FEV1 values (% pred) are plotted in Fig. 2.1. A slight but 
significant correlation could be demonstrated (p = 0.028). 
Recovery after histamine challenge. 
The number and the percentage of the children in whom the lung function was 
within 95% of the baseline FEV1 at 15, 30, 45, 60 and 75 min after histamine 
challenge are to be found in Table 2.2. Recovery was incomplete in two 
children. After 75 min the FEV1 was 86 and 90% of the baseline. 
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Fig. 2.1 The bronchial response to histamine is expressed as PD20-histamine. The initial bronchial 
obstruction as 'baseline FEV1 (FEV,IFEV1 predicted %)'. 
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Table 2.1 Data of the children 
Subject Age Female = F  Baseline FEV 1 (FEV i/FEV 1 PD20-histamine Fall in FEV1 Recovery time 
no. (years) Male = M  predicted%) (µmol) (%) (min) 
I 9 M 94 2· 18 24 30 
2 10 M 100 1 ·04 28 45 
3 10 M 92 1 ·30 24 1 5  
4 I I  F 88 2·34 30 30 
5 I I  F 85 0·61 24 30 
6 I I  M 95 2·70 25 60 
7 12 F 86 1 -44 20 1 5  
8 1 2  M 94 1 - 1 9  23 60 
9 1 2  M 76 1 · 1 7  38 1 5  
1 0  1 2  M 79 4-82 33 60 
I I  1 3  M 88 1 ·39 22 30 
12 13  M 72 0·79 44 45 
13  1 3  M 89 0·56 41 30 
14 I I  F 74 1 ·2 1  22 1 5  
1 5  1 2  M 73 0·3 1 22 30 
16 13  F 94 4·57 25 30 
1 7  12 F 70 0·27 26 75 
1 8  13  M 71 2·30 3 1  30 
1 9  13  M 77 0-72 48 30 
20 14 M 90 1 ·35 21 45 
21 14 F 78 5-40 62 > 75 
22 14 M 86 0·70 2 1  45 
23 8 M 84 2-36 34 1 5  
24 8 M 87 0·86 45 45 
25 8 M 89 0·29 38 1 5  
26 8 F 95 5·29 3 1  75 
27 8 F 94 0-74 3 1  1 5  
28 8 M 7 1  0·36 40 75 
29 8 F 88 4-32 29 75 
30 9 M 96 2·02 39 75 
3 1  1 3  M 85 2·00 43 30 
32 1 1  M 93 1 ·9 1  46 > 75 
33 12 F 102 2·32 25 60 
34 9 M 106 2-61 23 60 
35 10 M 99 1 ·85 3 1  30 
36 1 1  M 107 1 ·98 27 30 
37 13 M 100 0'47 33 45 
38 13 F 96 2-20 26 45 
39 1 2  M 98 5-76 20 30 
40 10 F 95 1 ·89 43 30 
41 14 M 94 1 · 1 3  23 45 
42 1 2  F 86 1 · 1 0  32 1 5  
43 1 2  M 9 1  0·65 25 30 
44 1 2  M 85 1 ·49 48 30 
45 13 M 88 0·23 23 30 
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Fig. 2.2 Course of mean FEV1 ands.e.m. during challenge with histamine (0 = start of the test, which 
was fixed at 100%). THR-1 is the inhalation step before threshold and THR is threshold value of 
histamine. The fall in FEV, is expressed as a percentage change compared with baseline. 
Changes in FEV1 during and after histamine challenge. 
The mean percentage change compared with baseline FEY I is shown in Fig. 2.2. 
The mean percentage of FEY1 after inhalation of saline was 99.7% with a 
minimum and maximum value of 96 and 106%, respectively, which is within the 
limit of variation of estimation of FEY1 (11). A steep fall in FEY I during the last 
inhalation step (between THR-1 and THR) was observed. The mean fall of 
FEY1 was 31.3 ± 9.6 (s.d.) and ranged from 20 to 62% (Table 2. 1). Although 
eight out of forty-five had a fall of 40% or more, no severe side effects were 
observed. 
Table 2.2 Performing one-way analysis of variance a significant correlation (p = 0.023) was observed 
between PD211-histamine and the time of recovery of FEV1 within 95% of baseline. This time of 
complete recovery was not significantly correlated with the other parameters. 
Time of recovery Children Baseline FEY 1 Fall of 
of FEY I within recovered (FEY t/FEY 1 )  PD20 FEY1 Age 
95% of baseline 
(min) /I "' '" Predicted% s.e.m. (µmol) s.e.m. n;;, s.e.m. (years) 
1 5  8 1 8  85· 1 2·5 1 ·20 0·2 1 29·9 2·5 10· 1 
30 17  38 88· 1 2·2 1 ·8 1  0·36 3 1 ·7 2·3 1 1 ·8 
45 8 1 8  90·6 3·3 1 ·07 0· 19 30· 1 3·4 12·4 
60 5 I I  95·2 4·6 2·73 0·59 25·8 1 ·9 1 1 ·2 
;;; 75 7 1 5  84-4 4·3 2-80 0·83 39·0 4·6 10·0 
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Fig. 2.3 PD20-histamine of the first challenge (I) is plotted against PD20-histamine after the second 
challenge (II). 
Time of complete recovery vs PD20 baseline FEV1 and fall in FEV1• 
A significant relationship was found between PD20 and time of complete recov­
ery with a p value obtained via one-way analysis of variance of 0.023 (Table 
2.2). The children with a low PD20 recovered more quickly from the histamine 
induced bronchial response than those with a high PD20• 
No significant relationship could be demonstrated between the time of recovery 
of FEV1 within 95% of baseline vs baseline FEV, and fall in FEV1 after 
inhalation of histamine. 
Reproducibility of PD20• 
The reproducibility of responses to histamine (PD20) was high in the fifteen 
children in whom the challenge was repeated after 1 hr. The correlation 
coefficient was 0.904 (Fig. 2.3), (p < 0.001). 
Discussion. 
The aim of the study was to investigate the time course of a bronchoconstriction 
induced by the inhalation of nebulized histamine. The time of complete recov­
ery from the bronchoconstriction induced by this agent varied widely in chil­
dren with asthma. Twenty-five out of forty-five children (55%) recovered 
within 30 min, five children needed more than 1 hour and two of them more 
than 75 min. 
The recovery time was significantly correlated with the PD20-histamine values, 
indicating that recovery was more prolonged, when a higher dose of histamine 
was inhaled. 
22 
It was found that the results in fifteen children, in whom the PD20-histamine was 
repeated after 1 hr while the FEV1 was within 95% of baseline, were highly 
reproducible. 
Other investigators have reported on the time course of a bronchial response 
induced by inhaled histamine in asthmatics. In the studies of Mathe et al. and 
Cartier et al. , carried out in adults, the recovery time varied from 15 to 30 min 
and from 9 to 90 min, respectively (6,7). The disadvantage of the first study was 
that the medication and in particular the beta2-adrenergic stimulants and oral 
theophylline was withdrawn 4 hrs before the test. This could have accounted for 
the possible interference with the provocation test and the recovery time. In the 
second study medications were withdrawn 12 hrs before the test; occasionally, in 
patients with severe asthma, the medication schedule was not interrupted and 
the tests were carried out under maintenance therapy. Furthermore, 40% of the 
patients in both studies were on oral steroids. In this study all medications were 
withdrawn 24 hrs before the challenge and none of the children were on oral 
corticosteroids. It can be concluded from the data in this study and that of 
Cartier that the time necessary for complete recovery of lung function, both in 
children and adults with asthma varies and can, in some patients, take even 
longer than 75 min (7). 
In a later publication Cartier and his colleagues demonstrated that the time 
necessary for recovery from bronchoconstriction induced by the inhalation of 
histamine is partially determined by the amount of histamine administered (8). 
This is in agreement with the data presented in this paper. The subjects with 
higher PD20 values in this study and in that of Cartier were not only give higher 
doses of histamine, but also had many repeated inhalations and, therefore, a 
longer challenge period. A study in children had demonstrated that no accumu­
lative effect was found giving sequential histamine concentrations inhaled at 3 
min intervals (12). 
It is well known that histamine is rapidly metabolized into N'-methyl-hista­
mine, N'-methyl-imidazoleacetic acid and imidazoleacetic acid in the body 
(13,14). 
A possible explanation for the prolonged bronchoconstriction in this study 
could be that inactivation processes of histamine in the lungs are limited. 
Another cause could be the induction of oedema of the bronchial wall, especial­
ly after the administration of higher amounts of histamine. 
No correlation could be demonstrated between the time of complete recovery 
and other factors such as the fall in FEV1 after the final inhalation of histamine 
and the initial bronchial obstruction. Although only children with a mild 
bronchial obstruction were selected, a slight but significant correlation was 
observed between the initial bronchial obstruction and the PD20-histamine 
values. This finding is in agreement with the results in adults and had, to date, 
not been reported in children with extrinsic asthma (15,16). The scatter in both 
parameters, however, suggests that the influence of the initial bronchial ob­
struction on the degree of airway reactivity is slight in this patient group. The 
effect of the initial bronchial obstruction on the degree of airway reactivity and 
time of complete recovery m·ay be biased by the selection criteria, because only 
children with a FEV1 of 70% or greater than that predicted, were included in the 
study. In adults it had been demonstrated that especially if FEV 1 % pred value is 
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below 70%, the correlation between this parameter and the degree in airway 
reactivity was closer (17). 
A second histamine challenge was performed in fifteen of the children 1 hr after 
the first. A close correlation was demonstrated between the first and the second 
PD20• This is in agreement with other findings (18-21). It could be hypothesized 
that the histamine receptor in the lungs could be desensitized under the influen­
ce of histamine. It could, therefore, be expected that the second challenge 
would result in a higher PD20-histamine value due to these processes. It seems, 
however, that desensitization does not occur through the administration of this 
amount of histamine. 
It can be concluded from this study that the time necessary for complete 
recovery of the FEV 1 after histamine inhalation varies widely within a group of 
asthmatic children. More than 50% of the children needed less than 30 min, but 
two out of the forty-five did not return to the baseline FEV1 although they were 
followed up for 75 min. The time needed for complete recovery of FEV1 after 
the histamine challenge seems to be determined by the PD20 value or, by the 
amount of histamine that was inhaled. When a higher amount of histamine was 
inhaled the recovery time became lengthened. Other factors such as initial 
bronchial obstruction and fall in FEV1 after the challenge showed no significant 
relationship with the recovery time. No evidence was obtained for desensitiza­
tion of histamine receptors, because a second challenge with this agent resulted 
in a highly reproducible PD20 value. 
The clinical implications of this study are: firstly that other tests can be perfor­
med if FEV1 has returned to 95% of its baseline values and secondly, that 
recovery of FEV1 is prolonged in some children and can even take more than 75 
min. In these children further provocation tests should not be undertaken 
within 2 or 3 hrs, or even on the same day. 
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Chapter 3 
Propranolol inhalation challenge in relation to histamine 
response in children with asthma. 
Jorrit Gerritsen1, Gerard H Koi!ter2, Leo T VanDerWeelel, Klaas Knol1. 
Summary. 
The relation between the airway responsiveness to propranolol and histamine 
was studied in 32 asthmatic children. Propranolol and histamine were given by 
nebulizer to a maximum dose of 16 mg/ml and 32 mg/ml respectively and the 
response was measured as the provocative concentration of agonist causing a 
20% fall in FEV1 (PC20) .  A PC20 histamine value of less than 32 mg/ml was 
obtained in 24 of the 32 children, of whom 15 had a measurable PC20 proprano­
lol ( < 16 mg/ml). In these 24 children the geometric mean PC20 histamine was 
4.5 mg/ml and 14.4 mg/ml respectively in those with and without a measurable 
PC20 propranolol (p=0.023). There was a linear relationship between histamine 
and propranolol PC:z0 values (r=0.60), and between PC:z0 histamine and FEV1 
% predicted (r=0.43), but not between PC:z0 propranolol and FEV1 % pre­
dicted (r=0.38). In an open time course study in 12 children with asthma, 
recovery of FEV1 after inhaled propranolol was incomplete in seven of the 
children after 90 minutes. When inhaled propranolol was followed by inhaled 
ipratropium bromide in a further 11 children, FEV1 had returned to baseline in 
all children after 60 minutes. Thus propranolol inhalation can be used in 
children with asthma to assess the contribution of the B-adrenergic system to the 
regulation of bronchial smooth muscle tone. The test has several disadvantages 
in comparison with histamine provocation: long duration, the prolonged action 
of propranolol, and the fact that only the children with substantial hyperreactiv­
ity to histamine react to propranolol. 
Introduction. 
Soon after the introduction of the non-selective B-receptor blocking agent 
propranolol, it was reported that administration could lead to bronchoconstric­
tion in asthmatic subjects, whether the drug was administered orally, intrave­
nously, or by inhalation (1-4). The development of bronchoconstriction after 
propranolol has been considered by some workers to be a feature of bronchial 
hyperreactivity (5,6). Bronchial hyperreactivity is often assessed as the airway 
response to histamine or methacholine, agonists acting on histamine and mus­
carinic receptors on bronchial smooth muscle (7-10). The adrenergic system can 
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be considered as a counter-regulating mechanism, causing bronchodilatation 
and attenuating bronchial hyperreactivity (11). 
In the present study the relationship between propranolol and histamine re­
sponsiveness of the airways was investigated in children with asthma, to assess 
the relation between the B- adrenergic system on the airways and the degree of 
bronchial hyperreactivity. Children with increased airway reactivity were ex­
pected to be more likely to develop bronchoconstriction with propranolol. If 
they did, a clear relation between the degree of responsiveness to histamine and 
to propranolol was to be expected. In addition, the time course of change in 
FEV1 after propranolol inhalation was determined. The influence of inhaled 




Fifty-five asthmatic children (20 girls), aged 9-15 years, were studied after we 
had received informed consent from both the children and their parents. The 
study was approved by the institution's committee on clinical investigation. The 
diagnosis of asthma was based on a history of episodic shortness of breath or 
wheezing (or both), either permanently or episodically. All the children were 
judged atopic on the basis of a positive skin response to at least one allergen on 
skin testing. Baseline FEV1 values were not below 70% of predicted (12). At 
the time of the study asthma was under control and none of the subjects was 
receiving oral corticosteroids or sustained release theophylline preparations. 
Maintenance treatment included sodium cromoglycate or low dose inhaled 
corticosteroids and a 82-agonist on an 'if needed' basis; this was withheld for at 
least 24 hours before each test. 
In 32 children propranolol and histamine challenges were performed. In 23 
children known to develop bronchoconstriction in response to propranolol the 
time course of the FEV 1 change was determined after inhalation of propranolol 
alone (12 children) or after inhalation of propranolol followed by ipratropium 
bromide. 
Histamine challenge. 
Aerosols of test solutions were generated by passing air through a gauged 
Wiesbadener Doppelinhaler at a flow rate of 8 I/min as described previously 
(13). This results in an aerosolized volume of 110-120 µl min·1 and a droplet size 
of less than 5 µm (14).Aerosols were inhaled by tidal breathing for 30 seconds. 
The children wore a nose clip during inhalation and lung function manoeuvres. 
After having baseline spirometry the children inhaled a control solution of 
saline 9 g/1, followed at three minute intervals by doubling concentrations of 
histamine acid phosphate, starting at 0.25 mg/ml up to a maximum of 32 mg/ml. 
A water seal spirometer (Spirograph, Lode spirometer D75, Groningen, The 
Netherlands) was used for measurements of the inspiratory slow vital capacity 
(VC) and FEV1 • The FEV1 was measured immediately, and again three min-
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utes after each inhalation. Inhalations were discontinued when the FEV1 had 
fallen by 20% from baseline FEV1 or after 32 mg/ml concentration of histamine 
had been administered. 
Proprano/ol challenge. 
Propranolol inhalation tests were carried out at least 60 min after the histamine 
challenge test and when the FEV1 had returned to within 95% of baseline. 
Propranolol solutions were nebulised in the same way as histamine, and inhaled 
for 2 minutes in accordance with the propranolol provocation scheme in adults 
(5,11). The challenge was performed with the following concentrations of 
propranolol in saline 9g/l: 1.0, 2.0, 4.0, 8.0, and 16.0 mg/ml. The solutions had a 
pH of 6.60; 6.42; 6.30; 6.20 and 5.98 respectively. Inhalations were stopped 
when the FEV1 had fallen by 20% from the baseline value, or after the 
maximum concentration had been administered. 
Time course of change in FEV1 after proprano/ol inhalation. 
The time course of change in FEY 1 after challenge with propranolol was 
measured in an open study in parallel groups of 12 and 11 children, selected on 
the basis of having a bronchoconstrictor response to inhaled propranolol. In the 
first group change in FEV1 after inhaled propranolol was followed for up to 90 
minutes. In the second group ipratropium bromide 0.25 mg/ml was inhaled for 2 
minutes (Wiesbadener doppelinhaler) 15 min after the propranolol challenge, 
and change in FEV1 was followed for a further 45 minutes. 
Analysis of results. 
Response to histamine and propranolol was expressed as the provocation 
concentration of agonist required to cause a 20% fall in FEV1 (PCw). This was 
obtained by fitting a 'smoothed' curve through the last three points on the 
dose-response curve with the help of a Cyber computer, the concentration 
being measured at 80% of the pretest FEV1 (15). Logarithmic transformations 
were applied to all PCw values before analysis. PCw values (mg/ml) are presen­
ted as geometric means, and FEV1 values as means with standard errors. The 
relationship between PCw-propranolol and PCw-histamine values and baseline 
FEV1 (as percentages of predicted values) was assessed by means of Pearson's 
correlation coefficient. Student's t-test for unpaired observations was used to 
compare the FEV1 % predicted values of children with a PC20 propranolol of 16 
mg/ml or less and of those with a value of more than 16 mg/ml. Statistical 
analysis of the data was performed using the SPSS-X program (Statistical 
Package for the Social Sciences version X) on the University CDC Cyber 
170/760 Computer. 
Results. 
Details of the children are given in Table 3.1 and 3.2. After inhalation of the 
maximum concentration of propranolol (16 mg/ml) a few children complained 
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PC,. PC,. 
Age FEV, histamine propranolol 
(y) Sex Medication• ( %  pred) (mg/ml) (mg/ml) 
1 3  F C. /J 83 l · I  1 ·2 
I I  F C. /J 8 1  1 ·8 2·5 
I I  M s 88 7·6 4·5 
1 0  M s 90 3·5 6·6 
9 M C, /J 82 1 ·8 6·9 
1 2  M s 90 3·9 8·0 
I I  F C 83 3·2 9.5 
1 0  F s 94 2·2 1 0·6 
9 M No 1 05 14·2 1 1 ·0 
1 0  M s 1 03 14·6 1 1 ·4 
1 0  M C 88 5·8 1 1 ·7 
14 M c, p 73 14·4 1 2·3 
13 F s 99 1 0·6 1 3· 1  
I I  F C 100 2·8 1 3·5 
14 M s, (J 83 4·2 1 3·6 
1 2  F C 97 4·0 > 1 6·0 
1 0  M s 95 24·0 > 1 6·0 
1 5  F s. fl 92 23-8 > 1 6·0 
I I  M No 94 1 8·0 > 16-0 
1 2  M c. p 90 4·0 > 1 6·0 
1 2  M s 94 1 0·0 > 1 6·0 
1 3  M s 99 26·6 > 16-0 
1 3  M c, p 87 1 9·3 > 16-0 
14  F s 1 00  27·2 > 16-0 
1 0  M s 99 > 32·0 > 1 6·0 
9 M No 1 04 > 32·0 > 1 6·0 
1 2  F C 96 > 32·0 > 1 6·0 
1 4  F s 1 04 > 32·0 > 1 6·0 
9 M s I O I  > 32·0 > 1 6·0 
1 3  M s 1 05 > 32·0 > 1 6·0 
1 0  M s 100 > 32·0 > 1 6·0 
I I  F C 90 > 32·0 > 1 6·0 
•s-sodium cromoglycate; 
sympathomimetic. 
C-inhaled corticosteroids; p 
PC,. 
Age propranolol FEV, FEV, 
(y) Sex Medication• (mg/ml) baseline ( 1) t (% pred) 
Twelve children whose FEV, improved without ipratropium bromide 
1 2  M C 9·0 2·0 87 
1 2  M S, C 3·0 1 ·9 84 
12 M S 1 5·0 2·3 99 
1 3  F No 1 6·0 2·8 1 05 
1 2  M S, /J 1 3·3 1 ·9 8 1  
1 5  M S 9·9 3·6 1 03 
9 F C, /J 1 2·0 1 ·5 92 
1 1  M C. /J 1 3·0 I ·9 82 
1 3  M S, p 1 6·0 l ·9 80 
1 3  M S 1 5·6 2· 1 88 
13 F S 1 5·0 2·7 92 
I I  F No 8·7 2·4 1 08 
Mean 1 1 ·3 2·2 92 
1 2  
Eleven children whose FEV, improved with ipratropium bromide 
1 0  M S 1 0·4 1 ·5 88 
1 2  F S 1 · 3 2· 3 92 
12 F C, /J 14·7 2·4 84 
I I  M S  1 2·2 2·8 93 
14 F No 16·0 2·5 85 
I I  M S 1 3·5 2· 1 1 00  
14  F S 6·3 2·6 99 
1 5  M C, p 1 2·2 2·6 84 
10 M S 1 3-2 2· 1 94 
1 1  M No 10·0 2·2 1 00  
1 2  M S 7·8 2 ·  l 92 
Mean 9·2 2·3 92 
1 2  
•c  inhaled corticosteroids; S-sodium cromoglycate; P­
sympathomimetic. 
t FEV I before the test. 
Table 3.1  Characteristics of 
32 children receiving hista-
mine and propranolol cha)-
lenges. 
Table 3.2 Characteristics of 
23 children in whom the 
time course of FEV1 after 
propranolol challenge was 
studied. 
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of local irritation of the mouth and an unpleasant taste. The mean FEV1 was 
92. 8 ( 1. 1 )  % predicted for all the children, ranging from 73 to 108 % . A PCio 
histamine was obtained in 24 of the 32 children challenged with both histamine 
and propranolol. Of these 24 children, 15 had a measurable PCio propranolol 
and nine did not. All of the 14 children with a PCio histamine value of more than 
16 mg/ml had a PC20 propranolol of more than 16 mg/ml. 
PC20-propranolol versus PC20-histamine. 
There was a linear relationship between PC20 histamine and PC20 propranolol in 
the 15 children with a measurable PCi0 value with both agonists (r=0.60, 
p=0.018; Fig. 3 .1) .  The geometric mean PCio histamine in the 15 children with a 
PCi0 propranolol of 16 mg/ml or less was 4.5 mg/ml, compared with a mean PCio 
histamine of 14.4 mg/ml (p=0.023) in the nine children with a PC20 propranolol 
of over 16 mg/ml and a measurable PCio histamine. 
PC20-propranolol and FEV1 % predicted. 
The FEV1 % predicted for the children with a measurable PCio with both 
propranolol and histamine (89.5 (SEM 2.4%)) did not differ significantly from 
values in children with a PC20 propranolol of over 16 mg/ml and a PCio histamine 
of 32 mg/ml or less (94.2 (SEM 1.4%)), but both groups had significantly lower 
values than children without a measurable PCio with either challenge (99. 9 
(SEM 1.8%)), p being <0.01 and < 0.05 respectively. No relationship was 
found between log PC20 propranolol and FEV1 % predicted values (r=0.38; 
PC20 proprano lo l  
!mg/m l l  
) 16 
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Figure 3.1: PC20-histamine values in mg/ml of the children are plotted versus the PC10-propranolol 
values (r=0.60, p=O. 018). The values of the children who did not respond on inhalation of proprano­
lol were assigned to >16 mg/ml. 
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p=0.17). A linear relationship was, however, found between log PCw hista­
mine and FEV1 % predicted values in the 24 children with a PCw histamine 
(r=0.43; p < 0.05). 
Time course of FEV1 after proprano/ol challenge and the influence of lpratro­
pium bromide. 
In seven of the 12 children given propranolol alone, FEV1 had not returned to 
within 5% of baseline 90 minutes after challenge (Fig. 3.2). Recovery was faster 
in the children treated with ipratropium bromide after propranolol, FEV1 
returning to within 5% of baseline values by 60 minutes after propranolol in all 
11 children (Fig. 3.2). 
Discussion. 
In this study two thirds of the asthmatic children with a PCw-histamine of less 
than 32 mg/ml had a bronchoconstrictor response to inhaled propranolol. A 
similar finding was observed in adults (5). PCw histamine values were signif­
icantly lower in the children who developed bronchoconstriction in response to 
inhaled propranolol, than in the propranolol non-responders. All the children 
with no response to inhaled histamine also had no response to inhaled propra­
nolol. The PCw histamine and the PCw propranolol values were clearly correlat­
ed in the children with a response to both agents. Thus an increase in non­
specific reactivity is associated with an increased sympathetic drive to the 
airways. No correlation was observed between PCw propranolol and FEV1 % 
predicted values. 
FEV 1 
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Figure 3.2: Mean FEV, (ml) before the test ( Base), on threshold (0) after challenge with propranolol, 
and changes with time after threshold, spontaneous recovery ( 0 --- 0), and after treatment with 
ipratropium bromide 15 min after threshold (X------X). 
31 
The exact mechanism by which propranolol produces bronchoconstriction is 
not understood. It has been suggested that patients with asthma have increased 
cholinergic activity, and 8-adrenergic activity may be considered as a counter 
balance to oppose bronchial obstruction. Blockade of 8-adrenoreceptors by 
propranolol will leave the cholinergic activity unopposed (16) . This hypothesis 
is supported by the observation that in asthmatic patients, prior administration 
of atropine can substantially reduce or even block the bronchial response to 
propranolol (16,17). There is, however, no convincing evidence suggesting how 
82-receptors are stimulated in asthmatic patients because under resting condi­
tions, circulating catecholamine concentrations are not raised (18) . 
Other factors, such as mediator release from mast cells, may play a part in the 
bronchial constriction produced by propranolol. Propranolol can induce hista­
mine release from mast cells in vitro, and sodium cromoglycate can inhibit the 
propranolol response in vivo (19,20) . No increase in circulating histamine was, 
however, observed after the intravenous administration of propranolol to 
asthmatic subjects (21). 
Only children with a PC20 histamine of 16 mg/ml or less had a measurable PC20 
propranolol. A similar relationship has been observed previously. Subjects 
with the lowest PC20 methacholine were most responsive to inhaled propranolol 
in one study, and the fall in FEV1 after ocular administration of the non­
selective 8-blocker timolol correlated with the fall in FEV1 after an exercise 
challenge in another study (17,22) . Our finding of a significant correlation 
between airway responsiveness to histamine and to propranolol suggests that 
bronchial responsiveness to 8-adrenoreceptor blockade is substantially related 
to airway reactivity. The fact that prior administration of atropine can block the 
response to propranolol suggests that it is predominantly determined by the 
degree of parasympathetic tone in the airways. 
Histamine responsiveness was correlated with the degree of bronchial obstruc­
tion before challenge as in other studies (13,23). A similar relationship between 
PCw propranolol and FEV1 % predicted values could not be found, possibly 
because we included only those children with an FEV I value of 70% or more. In 
adults the correlation between FEV1 and airway reactivity is closer when FEV1 
% pred value is below 70% (24). 
The FEV1 was slow to recover after propranolol challenge . In adults the FEV1 
was found to be over 80% of baseline after one hour (5) . After 90 
recovery of FEV1 was complete in only five of the 12 children, suggesting fixed 
binding of propranolol on the 8-receptor, or delayed excretion of propranolol 
as a result of lipophylic properties and preferential binding to albumin (25 ,26) . 
Provocation with inhaled propranolol can be applied to children with asthma to 
assess the contribution of the 8-adrenergic system to the regulation of bronchial 
smooth muscle tone. It has, however, several disadvantages by comparison to 
histamine or methacholine provocation tests. These are the long duration of the 
test, the prolonged action of propranolol and the fact that only the children with 
a substantial hyperreactivity react to propranolol. 
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Chapter 4 
Patients and methods of the follow-up study 
Patients and methods. 
Patients 
In a period of three years (1966 to 1969) 152 asthmatic children, aged 6 to 14  
years, 5 1  girls (34%) and 101 boys (66%),  sex ratio 1 :  2 ,  were referred to our 
outpatient department. Of these children, 119 (78% ) ,  39 girls (33%) and 80 
boys (67%),  sex ratio 1 :  2. 1 ,  aged 6 to 14, have been studied by van Lookeren 
Campagne (1 ,2). The children were included in the study if their asthma was in 
a stable phase, if they were able to perform technically satisfactory lung func­
tion tests, and if both the child and the parents gave informed consent for a 
5-day hospital stay. 
These asthmatic children were hospitalized in the Pediatric Clinic of the Uni­
versity Hospital to study the reaction patterns on house dust inhalation provo­
cation (2). All but 6 of the 119 children had a positive skin test to house dust 
(Diephuis Laboratory, Groningen, the Netherlands). 
None of the children used oral corticosteroids. Inhaled corticosteroids or 
cromoglycate were not available at that time. From 1984 to 1986, 101 of the 119 
subjects of  the childhood study (85%) were re-investigated. 
Study design 
Childhood 
In the childhood study (first survey) , the patients were hospitalized. On the day 
of admission, all therapy, including anti-histaminic drugs (thiazinamium or 
promethazine) , were withdrawn. This was at least 24 hours before the first 
measurements were carried out. On the same day, the data were collected by 
means of a questionnaire. This was followed by a physical examination. On the 
second day, blood samples were taken for eosinophil count, and allergy skin 
tests, spirometry, and measuring of the airway reactivity to histamine were 
carried out. 
The third day was a control day for the house dust provocation test. The test 
started between 8.30 and 9.00 hrs. 
On the fourth day a house dust inhalation provocation test was performed. On 
the fifth day, the child was discharged from hospital. 
At least three weeks after the first study, 14 children with an early, followed by a 
late response to house dust (DAR) were hospitalized for a house-dust dose­
response study. The children were on that occasion challenged with house dust 
every third day, starting with 0.05 gJ-1 , followed by 0. 1 ,  0.2, 0.3, and 0.4 g.I·1 • 
The test was stopped as soon as a DAR was reached. 
34 
Adulthood 
From 1984 to 1986, (second survey) 101 of the 119 subjects (85% ), 31 women 
(30%) and 70 men (70%), sex ratio 1 to 2.3, were re-investigated, mean age 
being 26 (range 22 to 31) .  Eighteen subjects were lost to follow-up, 8 female and 
10 male, sex ratio 1 to 1.3, 16 of them (8 female and 8 male subjects) were not 
cooperative. Childhood data of two male subjects are missing. The study in 
adults was subdivided in three parts. 
The first part of our study consisted of tracing the subjects. Having only the 
original data on sex, date of birth, and parents' address, the subjects were 
traced with the help of one or more of the following information systems: 
- the data information system of the hospital, 
- the Registry Office of the last known place where they lived during their 
childhood, 
- contacting the parents if they still lived at the same address as during the first 
survey. 
All 119 subjects received a letter with an explanation of the study. If they did 
not respond, the same procedure was repeated after one month. In this way 
seventy-one adults agreed to cooperate. 
If the subjects did not reply after two letters, they were telephoned, and 25 were 
visited at home. All the subjects who were visited were willing to participate in 
the study. 
The second part of this study was carried out in the outpatient department and 
was focused on the changes in respiratory symptoms, lung function, airway 
responsiveness to histamine, number of eosinophils, and skin allergy. The study 
was carried out using the same methods. Again, treatment with beta-agonists, 
antihistaminic drugs, and theophylline preparations was withdrawn at least 24 
hours before the measurements. Therapy with oral corticosteroids (3 subjects) 
was continued during the second survey. 
The third part of the study was a house-dust inhalation provocation test. This 
was carried out in 31 subjects, who gave informed consent. After a control day 
with inhalation of a coca-solution instead of house dust, the following day the 
house dust provocation test was performed. 
Questionnaire. 
The data on age, sex, eczema, rhinitis, concomitant disease, respiratory symp­
toms, and family history of allergic diseases were collected by means of the 
Dutch version of the British Medical Research Council standardized question­
naire (3,4). A copy of the questionnaire can be found in the appendix. Subjects 
were considered as having ( ongoing) respiratory symptoms if they had two or 
more of the following symptoms: coughing or phlegm production on most days 
or nights for at least 3 consecutive months during the preceding two winters, 
and/or having experienced a period of at least 3 weeks with (increased) cough 
and/ or phlegm during the preceding two years (cough, phlegm), shortness of 
breath when playing with children of the same age on level ground, or (as 
adults) shortness of breath when walking with people of the same age on level 
ground (dyspnea), wheezing on most days or nights (wheeze), and attacks of 
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shortness of breath with wheezing during the preceding two years (asthmatic 
attacks). Cough, phlegm, wheeze, dyspnea, and asthmatic attacks were consid­
ered to be binomial variables (0 or 1), and the sum was used for the symptom 
score. 
Smoking was considered to be a nominal variable. Non-smokers were those 
who had never smoked. Ex-smokers were individuals who had stopped smok­
ing at least one month before the examination. Only two subjects were ex­
smokers; they were added to the group of current smokers. Current cigarette 
smokers were defined as individuals smoking one or more cigarettes a day. 
None of the subjects smoked cigars or a pipe. Packyears of cigarettes was 
calculated as the number of packets of cigarettes a day (20 cig/package) mul­
tiplied by the number of years of smoking. 
Pulmonary function. 
Pulmonary function measurements were carried out with a water sealed spi­
rometer (Lode spirograph D75; Lode Instruments, Groningen, The Nether­
lands) . Forced vital capacity (FVC) was measured followed by forced expirato­
ry volume in one second (FEV1) .  In both the childhood and adult studies the 
subjects repeated the tests until two technically satisfactory tracings were 
produced. The highest value of these tracings was taken as baseline mea­
surement for the histamine challenge. Data were expressed as FEV1 % pred = 
(FEV/FEV1 predicted)x100% , using prediction equations based on age, sex 
and height (5,6), and were applied as an indication for bronchial obstruction. 
Eosinophi/s 
Blood eosinophils were counted in a counting-chamber of Biirker. The eosin­
ophils were stained with eosine-solution, containing 10 ml eosin 1 % , 10 ml 
formol 40% , and water up to 100 ml (7). 
Eosinophilia was based on the criteria published by Veening: from O to 5 years, 
from 6 to 10 years, from 11 to 15 years, and above 16 years of age, >500, >400, 
>350, and >250 x 106.I-1 respectively (7). 
Histamine inhalation provocation test 
A histamine threshold test was used as an index of airway reactivity. The 
method of Tiffeneau, as modified by De Vries (8), and Knol (9) was used, to 
meet the guidelines for standardization (10). To summarize, following baseline 
measurements of pulmonary function, subjects inhaled nebulized distilled wa­
ter from a Wiesbadener Doppel inhalation device. If the decrease in FEV1 was 
<10% of baseline, the histamine challenge test was continued. The airflow 
through the nebulizer was 4 l.min-1 , resulting in an output of 60 µl.min-1 • 
Sequential aerosols of histamine biphosphate in concentrations of ¼, ½, 1, 2, 4, 
8, 16, and 32 mg/ml were inhaled for 30 seconds. Two FEV1 tests were carried 
out after each challenge. The histamine concentration at which there was a 
decrease in FEV1 of 2: 10% baseline (PC10) was taken as the threshold value. 
The test was terminated if the threshold value was reached or the highest 
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concentration had been given. Determining PCw was the standard method used 
to define bronchial responsiveness at the start of this investigation and was 
therefore used again in the present survey to ensure comparability. 
Skin t ests 
In the first and second survey, all subjects were skin tested intra-dermally on the 
volar surface of the forearm with 0.03 ml of the test solution (Diephuis Lab­
oratory, Groningen, the Netherlands). The antigens which were tested were 
house dust 0.5; 0.05; 0.005 and 0.0005 g.J·1 , and mixtures of animal dander, 
grasspollen and moulds. A coca-solution served as a control. Testing was 
carried out by qualified nurses, and this was followed 15 min later by a reading 
of the greatest wheal diameter. 
Concentration and composition of the mixtures are listed on page 53. 
Sequential solutions of house dust in concentrations of 0.5, 0.05, 0.005, and 
0.0005 g.J·1 were tested. If the wheal diameter was < 5 mm on the highest 
concentration, this was interpreted as being negative (0). The largest dilution 
which still gave a wheal diameter of > 5 mm, was interpreted as being positive 
and was expressed as 1, 2, 3, and 4 on 0.5, 0.05, 0.005, and 0.0005 g.J·1 , 
respectively. 
The response on the other allergen mixtures was interpreted on the basis of the 
wheal diameter, <5 mm is O; 5-10 mm is 1; 11-15 mm is 2; >15 mm is 3. 
The allergen mixtures for skin testing and house-dust provocation testing which 
were applied in the first study were also used in the follow-up survey. Although 
the batch numbers were different from those used previously, they were the 
same concentrations and came from the same supplier. 
House-dust inhalation provocation test 
A house dust/coca solution containing 0.5 g.J·1 was aerosolized using a Wies­
badener Doppel Inhalation Device with an airflow of 8 l.min·1 , resulting in an 
output of approximately 120 µI.min·• (1,2). The house dust/coca solution was 
given sequentially in periods of 1, 3, 3, and 3 min. One and three minutes after 
each inhalation, two FEY1 measurements were performed. As soon as there 
was a decrease in FEY1 of :2:: 10% baseline, further inhalations were stopped. 
On the previous day (control-day), coca solution had been nebulized in the 
same way. FEV1 on both days was measured one, three, nine, eighteen, and 
thirty minutes, and three, eight, thirteen, and twenty-four hours, after final 
inhalation. A fall in FEY1 of :2:: 30% from baseline was counter-acted by the 
inhalation of isoprenaline 10 g.J·1 (in the first survey), and salbutamol 5 g.J·1 (in 
the second survey). An early reaction was defined as a decrease of :2:: 10% of 
FEY1 within half an hour after inhalation compared with the control day. A late 
reaction was defined as every decrease in FEY 1 :2:: 10% from three to ten hours 
after the inhalation of house dust solution when compared with the control day. 
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General survey of the participants in the study 
Introduction 
In the first chapter we discussed the incidence of asthma in the northern part of 
the Netherlands. In short, it was established that 23% of the schoolchildren in 
Groningen had a history of asthmatic symptoms (1). In a similar study in 
another part of the Netherlands, while excluding the children who only 
wheezed, eleven per cent of the children had a history of asthma-like symptoms 
(2). Five per cent of the children had severe symptoms, but in many children 
asthma symptoms disappeared (1,2) .  Only a small percentage of the children 
with more severe asthma was referred to a pediatrician. In the period of the first 
survey (1966 to 1969) , 119 of the referred asthmatic children were included in 
the study, as has already been pointed out on page 34 (3,4). 
The age of the subjects in the first and second survey and the years between the 
first and second survey are plotted in Fig. 5.1. There are no differences between 
males and females with regard to age and the years between the two surveys 
(Table 5.1) . 
Table 5.1. 
Age of the subjects during the first and the second survey and years between first and second survey 
in males and females. 
Age child (yrs) ,s, 7  8 9 10 11 12 2: 13 
Female, n (%) 2( 6) 10(32) 8(26) 7(23) 2( 6) 2( 6) 
Male, n (%) 9(10) 13(19) 8(11)  9(13) 11(16) 11(16) 9(13) 
Age adult (yrs) S. 24 25 26 27 28 29 ;;,; 30  
Female, n (%) 6(19) 8(26) 9(29) 2( 6) 3(10) 1( 3) 2( 6) 
Male, n (%) 15(21) 7(10) 13(19) 6( 9) 7(28) 13(19) 9(13) 
Yrs between first 
and second survey s 14 15 16 17 18 2: 19 
Female, n (%) 1( 3) 4(13) 8(26) 11(35) 6(19) 1( 3) 
Male, n (%) 1 1(16) 4( 6) 12(17) 19(27) 17(24) 7(10) 
Differences between males and females not significant, chi-squared test. 
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Figure 5.l. 
Age-distribution of the 101 participants of the study (years) in the first and second survey and 
dtstribution of the number of years between first and second survey. 
Questionnaire 
A prerequisite for follow-up studies of populations is that the information of the 
subjects is obtained by one person. In our study the investigators were also the 
interviewers. This approach has proved to result in highly reproducible data 
(5,6). The data on age of onset of respiratory symptoms, age of onset of 
smoking and age of end of respiratory symptoms are possibly less reliable. In 
most adults, information about the year of onset of respiratory symptoms was 
vague, and we had to rely on what was told by their parents; therefore the 
information obtained during the first survey was used. For many adults it was 
difficult to determine precisely at what age respiratory symptoms had stopped. 
In most subjects there was no clear-cut point, but a gradual diminuation of the 
respiratory symptoms. The information on cigarette smoking seemed to be 
more reliable; most adults remembered well in what school-year they started 
smoking. A survey of the age of onset of smoking is presented in Fig. 5.2. 
Respiratory symptoms decreased significantly; this will be discussed in chapter 
8. Mean age of onset of respiratory symptoms in the 101 subjects was 2.9 ± 2.2 
years. The age distribution of onset of respiratory symptoms is shown in Fig. 
5.3, and age of cessation of respiratory symptoms in Fig. 5.4. 
Family history 
In the first survey the parents were asked whether grandparents, parents, 
brothers and sisters of the patient were known to suffer from one of the 
following diseases: asthma, allergic rhinitis, or atopic dermatitis. 
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Age distribution of the end of respiratory symptoms in the 58 subjects without ongoing respiratory 
symptoms. 
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The number and percentage of subjects with and without ongoing respiratory 
symptoms, with and without allergic rhinitis, and children with and without 
atopic dermatitis and a positive family history for asthma, allergic rhinitis, and 
atopic dermatitis are listed in Table 5.2. A significant relationship was establish­
ed for family concordance of asthma and ongoing respiratory symptoms, for 
family allergic rhinitis and patient's allergic rhinitis, and for family atopic 
dermatitis and patient's atopic dermatitis. 
In other studies, a high prevalence of asthma has been reported, 60-70% in 
first-degree relatives of children with asthma (7). It has been suggested that 
asthma and allergy are inherited separately, but that allergy aggravates the 
severity of asthma (8,9). A similar relationship has been established for atopic 
dermatitis in relatives of children with this disease, and for allergic rhinitis in 
relatives of children with the same symptoms (10,11). Another reason for the 
high concordance of disease in the child and the family, may be that parents are 
quickly aware of any allergic symptoms and tend to think of family relation­
ships. This might have influenced the results of this study. 
Geographical data of the patients. 
It was shown in studies carried out by the Institute of Epidemiology of the 
University that most subjects from the northern part of the Netherlands hardly 
move away from the region (5). Many people live in the countryside and the 
number of polluting factories is low and remained so. 
During both surveys, the majority of the subjects continued to live in the 
northern part of the Netherlands, as shown in Fig. 5.5 and 5.6. Only 9 of the 101 
subjects (9%) moved outside the region, for reasons of employment. This 
means that changes in environmental factors can hardly have influenced the 
outcome of the study performed in our patient group. 
Table 5.2. 
Number and (%) of times that the family history is positive for asthma, allergic rhinitis and atopic 
dermatitis in all 101 subjects of the study, and in the subjects with and without ongoing respiratory 
symptoms, allergic rhinitis, and atopic dermatitis. 
Number and (%) of times that the 
family history is positive for: 
Subjects (n) Asthma Allergic Atopic 
rhinitis dermatitis 
All (101) 69 (68) 24 (24) 40 (40) 
Ongoing respiratory 
symptoms yes (43): 34 (79)' 4 ( 9) 20 (47) 
no (58): 35 (60) 20 (34) 20 (34) 
Allergic rhinitis yes (36): 27 (75) 13 (36)· 13 (36) 
no (65): 42 (65) 11 (17) 27 (42) 
Atopic dermatitis yes (52): 37 (71) 13 (25) 26 (50)" 
no (49): 32 (65) 11 (22) 14 (29) 
• Difference between the two subgroups significant, p<0.05 chi-squared test. 
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Residence of the children; they were subdivided into boys (squares), girls (circles), and into subjects 
who did (+) and did not (-) develop ongoing respiratory symptoms. 
Social status of the subjects. 
Most of the subjects are working, and their professions cover all social classes 
from gardener to engineer. Fifteen of the women are housewives. Four men are 
university students. Six subjects are unemployed, which is low for this area of 
the Netherlands. Three of these unemployed patients were rejected from work 
on medical grounds, two for their asthma and one for continuous low back pain. 
Comparison of the height of the subjects during the first and the second survey. 
For each subject, the predicted value for the mean length (P50) ,  and the 
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with (+) and without (-) ongoing respiratory symptoms. 
standard error corrected for age and sex were calculated from the Dutch 
National Growth Diagrams in both childhood and adulthood (12) . The mean 
differences in length from predicted values in childhood and adulthood are -2.7 
± 6.9 and -0.2 ± 6.5 cm respectively. Standard errors and standard deviations in 
childhood and adulthood are -0.5 ± 1 . 1  and -0.04 ± 0.99 respectively. Values 
for males and females and for subjects with and without ongoing respiratory 
symptoms are presented in Table 5.3. Slight, but not significant differences 
were found between females with and without ongoing respiratory symptoms. 
It has been suggested that severe asthma is one of the origins of growth 
retardation in children (13-15). This growth retardation did not improve after 
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Table 5.3 
Comparison of differences in length ± SD (cm), and standard error of the expected height in 
childhood and adulthood, related to sex and ongoing respiratory symptoms. 
child adult 
female male female male 
(n=31) (n=70) (n=31) (n=70) 
Difference from mean (cm) 
All -2.5±6.2 -1.9±7.4 -0.0±6.0 -0.4±6.8 
Ongoing resp.symptoms -4. 1±5.0 -3.6±6.7 -1.8±4.8 0.4±7.5 
(n=16) (n=27) 
No ongoing resp.symptoms -0.8±7.2 -2.3±7.6 1 .8±6.7· -0.8±6.3 
(n=15) (n=43) 
Standard error from mean 
All -0.4± 1.0 -0.5± 1.2 -0.0±1 .0 -0.1±1 .0 
Ongoing resp.symptoms -0.7±0.8 -0.6±1 . 1  -0.3±0.7 0 . 1±1 . 1  
No ongoing resp.symptoms -0.2±1 .2 -0.4±1 .2 0.3±1 . 1 ·  -0.1±0.9 
• P-value for difference between + and- ongoing respiratory symptoms was 0.096, Student's I-test. 
normalization of calorie intake (16) . Other investigators have found a normal 
growth after puberty (15,17). In our study, no growth retardation for either sex 
and no difference in symptom score could be established (17). 
Period of the year of measurements. 
To minimize seasonal influences on the outcome of the study, we tried in both 
surveys to perform the measurements in the same trimester. For the third and 
the fourth trimester this was difficult (Table 5 .4). A difference between the first 
and second survey in the season of measurement was assessed, p<0.001, 
chi-squared test. 
We expect that the season of measurement is of minor influence as regards the 
outcome of our study. The most important outcome variable, ongoing respira-
Table 5.4. 
Cross table of number of subjects and the trimester of measurement during the first and second 
survey. 
Trimester first survey 
1 2 3 4 Total 
Trimester 1 15 4 6 3 28 
second 2 5 16 7 2 30 
survey 3 4 2 8 8 22 
4 6 5 9 21 
Total 30 23 26 22 101 
Difference between first and second survey for the first and second trimester not significant, for the 
third and fourth trimester of measurement significant, p<0.001, chi-squared test. 
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tory symptoms, is independent of the season, since the adults were defined as 
having ongoing respiratory symptoms if they had had symptoms for two years 
preceding the study. Seasonal influences on skin reactivity have not been 
reported until now. It may have influenced the outcome of the level of FEV1 or 
PC10-histamine to a minor degree. 
The period during which the children had the most pronounced respiratory 
symptoms was for 4, 1, 12, 28 and 55 per cent in the first, second, third, and 
fourth, and in all trimesters respectively. In the adults with ongoing respiratory 
symptoms this was 22, 20, 5, 14, and 39 percent in the first, second, third, fourth 
and all trimester( s) respectively. A significantly higher percentage of adults had 
respiratory symptoms during the first and second trimesters, if compared with 
the children, (p<0.001, chi-squared test). In the adults, respiratory symptoms 
were more seasonal and less scattered over the year compared with the children 
(p <0.05, chi-squared test). This change of respiratory symptoms from the 
second to the first half of the year and from scattered to seasonal is remarkable. 
During the first survey, allergy for house dust was already present in almost all 
subjects. The change in positive allergic skin response for grasspollen from the 
first to the second survey (from 33 to 79% ), may be responsible for the changes 
in respiratory symptoms to more seasonal, and the shift to the first half of the 
year. 
Pulmonary function. 
From the first to the second survey, an increase in FEV 1 % pred was observed in 
54% of the subjects. In terms of percentage, increase and decrease in FEV1 was 
not different in males and females, subjects with and without ongoing respira­
tory symptoms, and smokers and non-smokers. This is in agreement with 
findings of others (17). The correlation of FEV1 % pred of the first and the 
second survey is 0.324, p <0.001 (Fig 5.7). 
Further analysis and discussion of FEV 1 % pred is presented in chapter 8. 
Hyperreactivity. 
An increased airway reactivity can be determined by inhalation provocation 
tests with histamine or methacholine in almost all children and adults suffering 
from asthma (18-20). Until a few years ago in the Netherlands the method was 
used as developed and described for adults by de Vries (21), and as performed 
in children by Kool (1). The differences with the recently described methods 
are: buffer solution is used instead of water, a different nebulizer, nebulizing 
time was increased from 30 seconds to 120 seconds, a fall in FEV1 2: 20% 
instead of 2: 10%, the flow through the nebulizer is not fixed on 4 I.min·•, but 
varies depending on the output of the deVillbiss nebulizer. As before, FEV1 is 
recommended for measurement of the change in bronchial obstruction. Nowa­
days, the method which meets the guidelines for standardization is generally 
accepted (22). To compare the data obtained in childhood and in adulthood, 
hyperreactivity was measured by the method described by de Vries. The results 
and the consequences will be discussed in chapter 8. 
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Allergy in asthmatics from childhood to adulthood 
Jorrit Gerritsen1, Gerard H Koeter, Jan GR de Monchy3, Klaas Knol1. 
Abstract 
We studied the change from childhood to adulthood in skin reaction on the 
following allergen extracts: house dust, animal dander, grasspollen and 
moulds, and in addition the change in number of blood eosinophils. The study 
was carried out in a group of 119 children with asthma. One hundred and 
thirteen (95%)  were identified as being allergic to house dust. They participa­
ted in a study on the relationship of airway responsiveness to house dust and 
histamine between 1966 and 1969 (age 6 to 14). In the present study ,101 of the 
initial 119 subjects (85%) were re-investigated after a mean period of 16 years. 
Forty-three per cent of the subjects had ongoing respiratory symptoms. Skin 
reactivity for all allergens and the number of subjects with positive skin tests for 
more than one allergen increased significantly from childhood to adulthood. 
The number of adults with positive skin tests for moulds was higher in subjects 
with ongoing respiratory symptoms than in those without respiratory symp­
toms. In childhood no differences in the positivity of skin tests between the two 
groups had been found. Subjects with allergic rhinitis (38%) had a higher 
number of positive skin tests for grasspollen in both childhood and adulthood 
than those without allergic rhinitis. 
Fifty-three children and 10 adults had atopic dermatitis. Atopic dermatitis 
occurred as frequently in children who did and in those who did not develop 
ongoing respiratory symptoms. No differences in skin allergy and number of 
eosinophils were found between smoking and non-smoking subjects. The mean 
number of eosinophils decreased significantly between the first and second 
survey. Adults with ongoing respiratory symptoms and children with a topic 
dermatitis more often had eosinophilia compared with the others in the same 
subgroup. The outcome of childhood asthma as defined by ongoing respiratory 
symptoms was not predicted by skin reaction on allergens, eosinophilia, atopic 
dermatitis, and allergic rhinitis in childhood. 
It can be concluded that although symptoms disappear in more than half of the 
asthmatic children, skin reaction on allergens increases. The number of eosi­
nophils decreases from childhood to adulthood. 
From the Department of Pediatric Pulmonology1 ; Department of Internal Medicine, Division of 
Pulmonology2, and of Allergy3; University Hospital, Groningen, the Netherlands. 
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Introduction 
Positive skin tests for inhalant allergens, atopic dermatitis and eosinophilia are 
common features in children with asthma, and are considered as expressions of 
allergy. These features are, however, not restricted to children with asthma. A 
large percentage of the population without respiratory symptoms also has one 
or more of these atopic signs. The prevalence of positive skin tests in different 
studies varies from 9% to 49%, and depends on the age of the population, the 
number and type of allergens tested and the criteria applied to define a positive 
test (1-8). Longitudinal studies in birth cohorts and in asthmatic subjects 
suggest that allergen skin test reactivity increases from childhood to adulthood 
and reaches its peak in early adulthood (8-10). 
Children with chronic and severe asthma are often highly atopic, easily sensi­
tized to inhaled allergens, form IgE antibodies to a broad range of allergens, 
and have in comparison with controls the largest wheal diameter to allergens 
( 1 1 ,  12). It is not known, however, whether the degree of skin allergy in children 
is a predictive factor with regard to the outcome of asthma. 
Many publications have focused on the role of eosinophils in asthma. There is 
not much information available on the changes in eosinophilia from childhood 
to adulthood and its role in the outcome of childhood asthma (13). 
Several studies have been performed to evaluate the simultaneous occurrence 
of asthma and rhinitis. A high prevalence of allergic rhinitis among asthmatics 
from 28 to 61 % has been reported (14,15). No studies have been, however, 
carried out on the role of allergic rhinitis in relation to the outcome of childhood 
asthma. 
The overall prevalence of a topic dermatitis in children up to 7 varies from 3 .1  to 
4.3%. This prevalence is influenced by climate and geographical location. A 
lower incidence of atopic dermatitis due to allergic constitution has been 
described in tropical regions and in non-industrialized areas (16-19). In the 
U.K, infantile atopic dermatitis is found in approximately 60% of asthmatic 
children attending hospital (20). In longitudinal studies it has been shown that 
adults with ongoing respiratory symptoms more often had atopic dermatitis in 
childhood than adults who were free of symptoms (9, 14). From this it has been 
concluded that atopic dermatitis in childhood has a predictive value with regard 
to the outcome of asthma. 
The aim of the study was to investigate changes in skin reaction with different 
allergens and changes in eosinophilia and how these are related to sex, allergic 
rhinitis, atopic dermatitis, smoking history and ongoing respiratory symptoms. 
Furthermore, the predictive value of the childhood factors: skin allergy, eosi­
nophilia, allergic rhinitis, and atopic dermatitis on the outcome of childhood 
asthma was analysed. 
Patients and methods 
Patients 
In the period between 1966 and 1969, 119 asthmatic children aged 6 to 14, were 
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included in the study; 39 girls (33%) and 80 boys (67%),  sex ratio 1 to 2 . 1  
(21,22). The children were included i f  both the child and the parents gave 
informed consent, if they were able to perform technically satisfactory lung 
function tests, and if their asthma was in a stable phase. All but 6 of the 1 19 
children had a positive skin reaction to house dust (Diephuis Laboratory, 
Groningen, the Netherlands) . 
All medication, including anti-histaminic drugs (thiazinamium or prometha­
zine) , was withheld at least 24 hours before the measurements. None of the 
children used regular oral corticosteroids. Inhaled corticosteroids or cromogly­
cate were not available at the time. 
In the period between 1984 and 1986, 101 of the original 119 subjects (85%) 
were re-investigated (second survey) using the same methods and in the same 
laboratory. Again, therapy was withdrawn at least 24 hours before the mea­
surements, with the exception of oral corticosteroids (3 subjects) . 
Questionnaire 
Data on age, sex, smoking habits and respiratory symptoms were collected 
using the Dutch version of the British Medical Research Council's standardized 
questionnaire, which was extended to include items about the age of onset and 
the age of cessation of respiratory symptoms and the need for medication 
(23,24) . The specifications of the questionnaire and of smoking are presented 
on page 35 . 
The adults were considered as having allergic rhinitis if they fitted the criteria 
for allergic rhinitis (25). Patients were considered as having atopic dermatitis, if 
they fitted the criteria for atopic dermatitis (26) . 
Skin tests 
In the first and second survey, all subjects were skin tested intra-dermally on the 
volar surface of the forearm with 0.03 ml of the test solution (Diephuis Lab­
oratory, Groningen, The Netherlands). The procedure of skin testing is pre­
sented on page 37. The concentration and the composition of the mixtures are 
listed in Table 6. 1 .  
Eosinophils 
Eosinophils were counted in a standardized way (13). The method of counting 
of eosinophils has been presented on page 36. 
Data analysis 
Analysis of the data was carried out using the Systat (System for Statistics) 
programme. Analysis of Variance (Anova) was carried out in order to calculate 
changes from child to adult, and in subgroups of skin reactions on allergens and 
eosinophils. The number of eosinophils were log transformed for analysis. The 
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Table 6. 1 .  
House dust 0.5-0.0005 g.1·1 
Animal dander (0.25 g.1·1) 
Grasspollen (1000 Noon units/ml) 
Moulds (0.02 g.1·1) 
Horse, Pig, Cat, Goat, Cow, 



















data of the eosinophils are presented as geometric means. Changes in propor­
tions between childhood and adulthood were tested with the McNemar's chi­
squared test. Chi-squared analysis was performed to analyse group differences. 
In the logistic regression analysis, sex, ongoing respiratory symptoms, smokers 
or non-smokers, atopic dermatitis, presence or absence of eosinophilia in 
childhood, and allergic rhinitis were considered as dichotomous variables. Age 
at first survey, age of onset of respiratory symptoms, years between first and 
second survey, number of positive skin tests, and symptom score were consid­
ered as continuous variables. 
Results 
In this study, 101 of the initial 1 19 patients (85%) were re-investigated, the 
mean age being 26 (range 22 to 31 years) . Eighteen were not followed-up, 8 
female and 10 male subjects, sex ratio 1 to 1 .3 .  Sixteen of them (8 female and 8 
male subjects) did not wish to cooperate. The data of two male subjects are 
missing. 
The time interval between the two investigations ranged from 14 to 20 years, the 
mean value being 16 years. The number of subjects with ongoing respiratory 
symptoms was 43 ( 43 % ) . 
Thirty- six of the adults had a history of allergic rhinitis, which was distributed 
equally between the subjects with and without ongoing respiratory symptoms, 
(19 and 17, respectively). 
During the first survey, 53 of the 101 (53%) children had atopic dermatitis. In 
the second survey only 10 adults still had atopic dermatitis. Six of them had 
ongoing respiratory symptoms. 
Atopic dermatitis in childhood was as common in the 43 adults with ongoing 
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respiratory symptoms as in the 58 adults without, 23 (53%) and 30 (52%) 
respectively. No differences as regards atopic dermatitis were found between 
the sexes. 
Skin tests 
Ninety-five per cent of the children and 99% of the adults had a positive skin 
reaction for house dust. The total number and the mean of the sum of positive 
skin tests for the four allergens in adulthood was significantly higher than in 
childhood, p<0.001, McNemar's chi-squared test (Fig. 6. 1 ,  Table 6.2). 
The number and percentage of positive skin tests for the allergens tested was 
the same for the children followed-up and those lost to follow-up (Table 6.2). 
In Table 6.2 is demonstrated that the number and percentage of subjects with a 
positive skin test for house dust, animal dander, grasspollen, and moulds 
significantly increased from childhood to adulthood, (p<0.05, McNemar's 
chi-squared test) . Skin reactivity for house dust (Fig. 6.2) , animal dander, 
grasspollen and moulds (Fig. 6.3) increased significantly from childhood to 
adulthood (p<0.05, McNemar's chi-squared test). 
In the subjects, both with and without ongoing respiratory symptoms, we 
observed a significant increase in number and percentage of positive skin tests 
on animal dander, grasspollen and moulds in the period between the first and 
the second survey, p<0.05, McNemar's chi-squared test (Table 6.3). The 
number and percentage of subjects with a positive skin test for moulds is 
significantly larger in the group with ongoing respiratory symptoms, compared 
with the group without ongoing respiratory symptoms (Table 6.3). 
In Table 6.4 the number and percentage of subjects with a positive skin test in 
the first and second survey are listed according to sex, allergic rhinitis, atopic 
dermatitis and smoking habits. 
The number and percentage of positive skin reactions on grasspollen was 
significantly lower in female than in male adults (p<0.05, chi-squared test). 
Table 6.2. 
Mean sum of positive skin tests, number and percentage ( ) of subjects with a positive skin test, in the 
children not followed-up (Child') and the subjects of the first survey (child) and second survey 
(adult). 
Sum of positive skin 





Child' (n=16) Child (n=lOl) Adult (n=lOl) 
n (%) n (%) n (%) 
2.3 ± 1.3 
16 (100) 
9 ( 56) 
3 ( 19) 
6 ( 38) 










+ Change in sum of positive skin tests significant from childhood to adulthood, p<0.01, Student's 
t-test. 
• Change in number of subjects with a positive skin test from childhood to adulthood significant, 
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Figure 6. 1. 
Number of positive skin tests in the subjects of the study both in childhood and adulthood. Difference 
between childhood and adulthood significant, p<0.001, McNemar's chi-squared test. 
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Figure 6.2. 
Number of subjects and highest dilution to which the skin reaction on house dust is still positive both in 
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Number and percentage ( ) of subjects with a positive skin test in the first (child) and the second 
survey (adult), subdivided in subjects with and without ongoing respiratory symptoms. 
Mean sum positive skin 
tests ± SD: 





Ongoing respiratory symptoms 
yes (n=43) no (n=58) yes (n=43) no (n=58) 
n (%) n (%) n (%) n (%) 
2.6 ± 1 . 1  2.4 ± 1 .2 3.2 ± 1 .0 3.1 ± 1 . 1  
43 (100) 52 (90) 43 (100) 55 (95) 
28 ( 65) 43 (74) 43 (100)* 54 (93)* 
16 ( 37) 17 (29) 36 ( 84)* 43 (74)* 
24 ( 56) 25 (43) 34 ( 79)*' 31 (53)* 
• Change in number of subjects with a positive skin test from childhood to adulthood significant, 
p<0.05 , chi-squared test. ' Difference between subjects with and without ongoing respiratory 
symptoms significant, P<0.05, chi-squared test. 
Table 6.4. 
Mean sum of positive skin tests, number and percentage ( ) of subjects with positive skin tests, 
subdivided for sex, allergic rhinitis, atopic dermatitis, and smoking. 
Sum positive House dust Animal dan- Grass pollen Moulds 
skin tests der 
mean ± SD n (%) n (%) n (%) n (%) 
Child: 
female (n=31) 2.4 ± 1 .2 28 ( 90) 22 ( 71) 9 (29) 15 (48) 
male (n=70) 2.5 ± 1 .2 67 ( 96) 49 ( 70) 24 (34) 34 (49) 
Adult: 
female (n=31) 3.1  ± 1 . 1  30 ( 97) 28 ( 90) 20 (65) 18 (58) 
male (n=70) 3.5 ± 0.8 68 ( 97) 69 ( 99) 59 (84)' 47 (67) 
Allergic rhinitis as adult: 
Child values: 
yes (n=36) 2.6 ± 1 . 1  35 ( 97) 26 ( 72) 18 (50)' 20 (56) 
no (n=65) 2.4 ± 1 .2 60 ( 92) 45 ( 69) 15 (23) 29 (45) 
Adult values: 
yes (n=36) 3.3 ± 0.9 35 ( 97) 36 (100) 31 (86)' 26 (72) 
no (n=65) 3.4 ± 0.9 63 ( 97) 61 ( 94) 48 (74) 39 (60) 
Atopic dermatitis as child: 
Child values: 
yes (n=53) 2.7 ± 1 . 1  52 ( 98) 40 ( 75) 23 (43)' 26 (49) 
no (n=48) 2.2 ± 1 .2 43 ( 90) 31 ( 65) 10 (21) 23 (48) 
Adult values: 
yes (n=53) 3.5 ± 0.8 53 (100) 52 ( 98) 41 (77) 37 (70) 
no (n=48) 3.2 ± 1 .0 45 ( 94) 45 ( 94) 38 (79) 28 (58) 
Smoking as adult: 
yes (n=42) 3.4 ± 0.7 42 (100) 41 ( 98) 35 (83) 23 (55) 
no (n=59) 3.3 ± 1-.0 56 ( 95) 56 ( 95) 44 (75) 42 (71) 
' Difference between the two categories significant, P <0.05 chi-squared test. Differences between 
first and second survey for the whole group and the categories significant, p<0.05, chi-squared test. 
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The number and percentage of positive skin tests on grasspollen was significant­
ly higher in both children and adults with allergic rhinitis than in those without, 
(p<0.05, chi-squared test) . 
The number and percentage of positive skin tests on grasspollen was significant­
ly higher in children with atopic dermatitis than in those without, (p<0.05, 
chi-squared test). 
No differences in number and percentage of positive skin tests were found 
among the smokers and non-smokers. 
Eosinophils 
An eosinophil count was carried out in 94 of the 101 subjects (93%) in both the 
first and second survey. 
Changes in eosinophilia and differences in the number of eosinophils of all 94 
subjects and in the subgroups divided according to sex, ongoing respiratory 
symptoms, allergic rhinitis, atopic dermatitis and smoking habits, were ana­
lysed (Table 6.5). The number of subjects with eosinophilia decreased signif­
icantly from 42 in childhood to 27 in adulthood (Table 6.5). Between the first 
and the second survey the total number of eosinophils decreased significantly in 
the group as a whole and in all subgroups 
Table 6.5. 
Number and percentage of subjects with eosinophilia, and geometric mean of the number of eosi-
nophils during the first (child) second (adult) survey, and their significance. 
Child Adult 
Eosinophilia Eosinophils Eosinophilia Eosinophils 
n (%) geom. mean n (%) geom. mean 
All subjects (n'.:94) 42 (45%) 315 27 (29%)* 150 
Sex : female (n=29) 12 (41%) 276 8 (28%) 135 
male (n=65) 30 (46%) 333 19 (29%) 158 
Ongoing respiratory 
symptoms : yes (n=40) 20 (50%) 352 18 (45%)+ 186* 
no (n=50) 22 (44%) 289 9 (18%) 128 
Allergic rhinitis in 
adulthood : yes (n=34) 1 1  (32%) 257 12 (35%) 166 
no (n= 60) 31  (52%) 352 15 (25%) 142 
Atopic dermatitis in 
childhood : yes (n=50) 29 (58%)+ 369' 16 (32%) 155 
no (n=44) 13 (30%) 262 1 1  (25%) 144 
Smoking : yes (n=37) 18 (49%) 309 7 (19%) 130 
no (n=57) 24 (42%) 318 20 (35%) 165 
• Difference between child and adult significant, p<0.05, chi-squared test. + Difference between 
subgroups significant, p<0.05, chi-squared test. ' Difference between subgroups significant, 
p<0.05, Anova. 
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Eosinophilia was more frequent, and the eosinophil count was significantly 
higher, in adults with ongoing respiratory symptoms than in adults without 
ongoing respiratory symptoms and in children with atopic dermatitis than in 
children without atopic dermatitis .  
Predictive value of childhood measurements on the outcome of childhood 
asthma. 
Logistic regression showed that ongoing respiratory symptoms in adulthood are 
not related to the following childhood factors: number of positive skin tests, 
atopic dermatitis, age of onset of respiratory symptoms, and eosinophilia, 
stratified for the age of the child during the first survey, sex, and years between 
first and second survey (Table 6.6). 
Logistic regression showed that the number of positive skin tests in adulthood 
was related to the childhood factors: number of positive skin tests, sex, and age 
of onset of respiratory symptoms, and not to symptom score, eosinophilia, and 
atopic dermatitis, stratified for age during first survey, years between first and 
second survey. 
Logistic regression showed that eosinophilia in adult age was related to: age of 
the child at the first survey, and smoking as adult, and not to number of positive 
skin tests, symptom score, eosinophilia in childhood, and atopic dermatitis 
stratified for sex, age of onset of respiratory symptoms, years between first and 
second survey. 
Discussion 
Skin allergy to the mixtures of inhalant allergens increased from childhood to 
adulthood. In the second survey the subjects were allergic to more allergens 
than in childhood. 
The number of subjects with eosinophilia and the mean number of blood 
eosinophils decreased between the first and the second survey. 
Only 10 of the subjects still had atopic dermatitis as adults. The prevalence of 
atopic dermatitis in childhood was the same in the adults with and without 
ongoing respiratory symptoms. 
The outcome of childhood asthma, as defined by ongoing respiratory symp­
toms, was not predicted by any of the factors tested. The number of positive 
skin tests in adult age was predicted by age of onset of respiratory symptoms, 
sex, and number of positive skin tests as child. 
Eosinophilia in adulthood was predicted by the age of the child during the first 
study, and smoking of the adult. 
Allergy for inhalant allergens increases with age. A prospective study in 92 
children, from O to 5 years of age, with at least one parent with a history of 
atopic disease, has demonstrated that positive skin tests for inhalant allergens 
are rare before the age of two, and that specific antibody to inhalant allergens 
increases between the age of 2 and 5 year and that the specific antibody was 
most pronounced in children whose skin tests yielded positive results (27) . In 
other follow-up studies, an increase in number of positive skin tests and in 
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wheal diameter was found in both the asthmatic children and the controls. This 
change appeared to be independent of the progress of their asthma 
(10,11,14,28). 
The acquisition of allergen skin reactions is highest among the young, with peak 
reactivity occurring in those between 25 and 34 years of age and declining after 
the age of 55 (8). In our study, an increase in skin reactivity from childhood to 
Table 6.6. 
Coefficients of logistic regression on the outcome of childhood asthma ( ongoing respiratory symp­
toms, nr of positive skin tests as adult and eosinophilia as adult). 
Variable 
Number of positive skin : Coeff 
tests child SE 
Age child first survey 
Sex 
Symptom score child 
Age of onset of respi­
ratory symptoms (yrs) 
Yrs between first and 



































































Coeff = coefficient of variation, SE = Standard Error. 
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adulthood also occurred for all the allergens tested. As in other studies, the 
allergy for house dust was most pronounced and was not due to the selection of 
asthmatic children (11,14). The incidence of allergy for house dust is high in the 
northern part of the Netherlands where the study took place. In the same 
period as the first survey, and using the same allergens, Knol investigated 240 
school children aged 1 1  to 15. He found that 37 (15%) had asthma, and that 129 
of the 203 children without asthma ( 64 % ) had a positive skin reaction to house 
dust, although the degree of skin responsiveness in the non-asthmatics was 
significantly lower compared with the children with asthma in our study, 
p<0.0001, chi-squared test (Fig. 6.4), (21). A similar percentage of allergy in 
the general population has recently been reported (8). Up to 85% of English 
schoolchildren with asthma are allergic to dust mites, which is in agreement 
with the percentage of allergy for house dust in this study (29). Some studies 
reported a higher prevalence of positive skin tests in male subjects than in 
females ( 6, 7 ,30). Some of these authors demonstrated a lack of sex-relationship 
in follow-up and cross-sectional studies (3,4,8,31). In our study, we found 
minor differences in allergy between males and females. The mean skin test 
reactivity for grasspollen was higher in males than in females. A possible 
explanation is that females spend more time in the house than males do, and 
that female exposure to pollen, and female development of allergy to this 
antigen, is therefore less frequent than for males (32,33). 
In another study, the number of positive skin tests in children who developed 
ongoing respiratory symptoms was not different from the number in those who 
did not (11). Also, in our study the outcome of childhood asthma, defined as 
D 
Ch i ldren w i th asthma (119) 
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Figure 6.4. 
Skin reaction to house dust in the 101 children with asthma of this study, and the 203 schoolchildren 
without asthma. Differences between children with and without asthma are significant, p<0.001, 
chi-squared test. 
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ongoing respiratory symptoms, was not predicted by the number of positive 
skin tests in childhood, stratified for age, sex, and smoking. The number of 
positive skin tests in adult age was significantly predicted by sex, (males had 
more positive skin tests than females, already in childhood), by the number of 
positive skin tests during childhood, and age of onset of respiratory symptoms. 
The relation between sex and skin tests may be explained by the sex differences 
in allergy for grasspollen. In the regression model it was not possible to carry 
out separate analyses on each allergen. 
It is estimated that 5-9% of children in unselected samples have allergic rhinitis 
and that the prevalence increases with age (33). In children and adults with 
asthma, the estimations of the prevalence of allergic rhinitis range from 28 to 
61 % , with a peak between the ages of 16 and 24 (14,33). Most patients with 
allergic rhinitis and hay fever are multisensitized (15). It is, therefore, almost 
impossible to recognize the importance of each allergen separately in allergic 
rhinitis. A strong relationship between allergic rhinitis and allergy to grasspol­
len was not expected, since the children in our study already were predom­
inantly allergic to house dust. As in the study mentioned above, an increased 
skin reactivity to grasspollen in both childhood and adulthood was found in 
adults with allergic rhinitis compared with those without it (15). 
Comparisons of allergy among consistent smoking groups stress that smokers 
appear to be less allergic than either non-smokers or ex-smokers (8). It has been 
suggested that this may be caused by a self-selection process, and that being 
allergic prevents subjects from smoking (8). Another explanation could be that 
smoking depresses the antigen-producing cells, which may decrease allergy. 
In our study there was a high percentage of subjects with ongoing respiratory 
symptoms who smoked (35% ). No differences in number of positive skin tests 
were found between smokers (including 2 ex-smokers) and non-smokers. This 
may be explained by the facts that the children were selected for having an 
allergy and the period of smoking was short, with a mean of 10 years. 
Seventy percent of children with atopic dermatitis has some component of 
allergic respiratory disease, like asthma and allergic rhinitis and a similar 
percentage has a family history of allergy (16). Approximately 50% of children 
with asthma has atopic dermatitis which tends to develop early in life (11). In 
our study, atopic dermatitis was found in 54% of the children. 
It has been suggested that the outcome of asthma is less favourable in the 
presence of atopic dermatitis (9,27). We found no difference in the prevalence 
of atopic dermatitis in childhood, between the subjects with and without 
ongoing respiratory symptoms. Our findings are in agreement with Blair, who 
concluded that atopic dermatitis is not a predictive factor for the outcome of 
childhood asthma (14). 
The role of the eosinophilic granulocyte has drawn more and more attention in 
the last few years, especially in connection with its influence on the inflammato­
ry processes during the late asthmatic reaction (34,35). We were therefore 
interested in the long-term changes in eosinophilia in children with asthma and 
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the relation with the outcome of childhood asthma. Cross-sectional data in­
dicate that the number of circulating eosinophils decreases from childhood to 
adulthood in both normal and asthmatic subjects (36). The exact meaning and 
clinical relevance is not yet understood. It might be that the decrease in 
eosinophils reflect a diminution of airway inflammation from childhood to 
adulthood. 
In a population-based study, eosinophilia (defined as >5% of total leukocytes) 
was more common among subjects who had ever smoked, compared with 
lifetime nonsmokers (36). Studies in working men in London and Paris revealed 
higher absolute eosinophil counts among current smokers compared to never 
smokers and exsmokers (37 ,38). In our study smoking also was correlated with 
eosinophilia in adulthood, although the period of smoking was relatively short. 
The number of smokers was too small to find like others an effect on FEV1 
% pred (38). 
In our study the number of circulating eosinophils and the number of subjects 
with eosinophilia also decreased significantly from the first to the second 
survey. 
The number of children with eosinophilia and the mean number of eosinophils 
were not different in the children who had, as adults ongoing respiratory 
symptoms compared with those without symptoms as adult. Eosinophilia in 
childhood did not, therefore, predict the outcome of asthma. The number of 
subjects with eosinophilia and the mean number of eosinophils was higher in 
the adults with ongoing respiratory symptoms compared with those with no 
symptoms. 
Eosinophilia in either childhood or adulthood was not related to the number of 
positive skin tests. 
Eosinophilia in either childhood or adulthood was not related to allergic rhinitis 
in adult age. An explanation for this could be that allergic rhinitis in childhood 
tends to be perennial rather than seasonal (39). Seasonal symptoms are more 
prominent either alone or superimposed on perennial symptoms in adults (40). 
One can expect that if eosinophils were measured in all children and adults 
during the pollen season, a relationship between allergic rhinitis the pollen 
season and eosinophilia might be found. 
Most children and adults with atopic dermatitis have eosinophilia (26). The 
children in our study with atopic dermatitis also had significantly more eosi­
nophilia and a higher number of eosinophils than those without atopic dermat­
itis. 
Summarizing, it is evident that skin reactivity to inhalant allergens increases 
from childhood to adulthood. 
The subjects with ongoing respiratory symptoms have significantly more posi­
tive skin tests compared with those who became symptom free. The skin test of 
children with asthma is not a predictive factor for the outcome of childhood 
asthma. 
Atopic dermatitis is often associated with asthma, but does not predict the 
outcome of this disease. 
The number of circulating eosinophils in childhood does not seem to predict the 
outcome of asthma. 
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Chapter ? 
Change in airway responsiveness to inhaled house dust from 
childhood to adulthood. 
Jorrit Gerritsen1, Gerard H Koeter2, Jan GR DeMonchy3, Joan G VanLookeren 
Campagne4, Klaas Kno/1. 
Abstract 
Between 1966 and 1969, house-dust inhalation provocation tests were carried 
out in 119 children with asthma. Between 1984 and 1987, 101 of the 119 subjects 
(85%) were reinvestigated. Thirty-one of these 101 adults who participated in a 
study on the outcome of childhood asthma, were re-challenged with house dust 
after a mean interval of 16 years, in order to establish the change in airway 
responsiveness to house dust from childhood to adult life. In the childhood 
study in these 31 subjects, six had no response (NAR) , six an early (EAR) , 
eight a late (LAR) , and eleven an early, followed by a late response (Dual 
asthmatic response, DAR) to the inhalation of house dust. In the second 
survey, two of the subjects with a NAR in the first study, had a bronchoconstric­
tor response to house dust. Five subjects with an EAR or a LAR response in 
childhood had no response as an adult. The eleven subjects with a DAR during 
childhood also had a response to house dust as an adult; five had an EAR and 
six again a DAR. 
Eleven of the 13 adults (85%) with ongoing respiratory symptoms had a 
response to house dust during the second survey. Although they were symptom 
free, 11 of the other 18 adults (61 % ), responded on inhalation of house dust. 
One of the 18 subjects without (6%),  and 6 of the 13 subjects (46%) with 
ongoing respiratory symptoms had a PC10-histamine :5 16 mg/ml. 
We conclude that although respiratory symptoms disappear in one half of the 
children with asthma, and although adults may believe that they have outgrown 
their disease, they still have the potency to respond to inhaled allergens. Most 
children do outgrow their respiratory symptoms, but not the susceptibility of 
their airways to allergens. 
Introduction 
It is well established that an immediate obstructive response may develop when 
atopic asthmatics are exposed to specific antigens. This may be followed by a 
late asthmatic response after 3 to 8 hours (1-5). The early response is mainly 
caused by release of mediators which induces a contraction of the bronchial 
smooth muscle. The late asthmatic response is due to inflammatory processes in 
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the airway, and is believed to be quite important clinically (6,7). In fact, it has 
commonly been acknowledged that the mediators released in the late phase 
result in an increase in asthma morbidity, by elevating the sensitivity of the 
airways to non-specific stimuli, and by inducing airway inflammation, due to 
infiltration of eosinophils into the lung (5-10). The incidence of the isolated 
immediate (EAR), isolated late (LAR), and dual (DAR) reactions after anti­
gen challenge has been reported to range from 9% to 53%, from 7% to 50%, 
and from 18% to 84%, respectively (1-5, 11-14). The concentration of antigen 
used for challenge (13,14), the nature of the antigen (15), the particle size and 
the delivery system (16) affect the pattern of response. 
Allergy, as tested by skin reaction, increases from childhood to adulthood and 
reaches its peak at the age of 25 to 34 (17). We found that the increase of skin 
allergy was not related to ongoing respiratory symptoms. 
No reports are available about the long-term changes of airway response to 
inhalant allergens and the relationship to the outcome of asthma in children. 
Therefore we investigated the house dust response in 31 adults, taken from a 
group of 119 children on whom a house dust provocation had been performed in 
childhood. The data of the first (child) and second (adult) survey were com­
pared with regard to the degree of airway reactivity, eosinophilia, and ongoing 
respiratory symptoms. 
Patients and methods. 
Patients. 
In the period from 1966 to 1969, 119 asthmatic children, 39 girls (33%) and 80 
boys (67%), sex ratio 1 to 2.1, aged 6 to 14 years, were included in the study 
(1,4). They were included if both the child and the parents gave informed 
consent for a 5-day stay in hospital, if the children were able to perform 
technically satisfactory lung function tests and if their asthma was in a stable 
phase. All 119 children had a history of respiratory symptoms and all but 6 had a 
positive skin reaction to house dust (Diephuis Laboratory, Groningen, The 
Netherlands). 
All therapy, including anti-histaminic drugs (thiazinamium or promethazine), 
was withheld at least 24 hours before the measurements. None of the children 
used regular oral corticosteroids. Inhaled corticosteroids or cromoglycate were 
not available at the time. 
As part of the study, the children were hospitalized in the pediatric clinic of the 
University Hospital. Histamine provocation test and spirometry were perform­
ed at 09.00 hours on the second day after admission, and the house-dust 
inhalation provocation test was performed at 09.00 hours on the third day after 
admission. In 10 of the children with a DAR, the house-dust inhalation provo­
cation test was repeated, starting with a 10-fold lower concentration of house 
dust, and increasing the dosage every three days after the first test, until a 
combined early and late reaction was attained. 
Of the original group of 119 patients, 101 (85%) were re-investigated and asked 
to cooperate in a study on response to inhalation of house dust. The aim was to 
re-investigate as many adults as possible from all types of house dust responders 
in childhood. Eventually, 31 of the 101 subjects participated: 6 with a NAR, 6 
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with an EAR, 8 with a LAR and 1 1  with a DAR, and in these the house dust 
inhalation provocation test was carried out using the same methods as in 
childhood. 
Questionnaire. 
Data on age, sex, smoking habits and respiratory symptoms were collected 
using the Dutch version of the British Medical Research Council's standardized 
questionnaire, which was extended to include questions about the age of onset 
and the age at which respiratory symptoms ceased and the need for medication 
(18,19). The specifications of the questionnaire are presented on page 35. 
Pulmonary function. 
Pulmonary function measurements were carried out in a standardized way and 
adjusted for age, sex and height (20,21). The procedure is presented on page 
36. 
Histamine inhalation provocation test. 
The histamine inhalation test was carried out in a standardized way, as previ­
ously described on page 36 (22-24). 
Skin tests 
The procedure of skin-testing is presented on page 37. 
House-dust inhalation provocation test 
The house dust provocation test was carried out as previously described on page 
37. 
Data analysis 
Statistical analysis of the data was carried out using the Systat (System for 
Statistics) programme. Analysis of variance (Anova) was carried out to in­
vestigate differences in FEV1 % pred between the four groups of responders. 
Chi-squared analysis was carried out to investigate within group differences in 
number of subjects. Changes and differences between groups in FEV1 , and 
PC10-histamine were analysed using the paired and unpaired Student's t-test. 
Results 
The data of the 101 subjects investigated in both the first and second survey are 
summarized in Table 7. 1 .  In the second survey 43 of the 101 subjects had 
ongoing respiratory symptoms. During the original study 33, 9, 28, and 31 of the 
101 children had a NAR, EAR, LAR, and a DAR, respectively on inhalation of 
house dust. The group of children with a NAR on inhalation of house dust 
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Table 7 .1 .  
Data of  the 101 subjects, subdivided according to type of  airway responsiveness to house dust in 
childhood. 
NAR EAR LAR DAR 
(N=33) (N=9) (N=28) (N=31) 
Sex (female/male) 15/18' 3/6 6/22 7/24 
Ongoing respiratory 
symptoms n (%) 8 (24)' 5 (56) 12 (42) 18 (58) 
FEY, % pred ± SD child 88 ± 18 72 ± 22 80 ± 18 87 ± 18 
adult 90 ± 18 84 ± 10 84 ± 15 81 ± 15 
PC10-histamine, child 
(Geometric mean) 12.7 5.o• 4.1 + 2.7# 
House dust skin test: child 1.6 ± 1 .1  2 .0 ± 0.7 2.3 ± 0.8 2.3 ± 0.7 
adult 2.5 ± 1 . 1  3 .4  ± 0.5 3.3 ± 0.5 3.2 ± 0.6 
' P < 0.05, chi-squared test. + Difference with the non responders significant, P < 0.05, Student's 
I-test. #Difference with other groups of responders significant, P < 0.05, Student's I-test. 
contained more females than males, and had fewer subjects with ongoing 
respiratory symptoms when compared with the other groJ.1ps of house dust 
responders, (p<0.05, chi-squared test, Table 7. 1). 
FEY, % pred was lower in the children with an EAR, and higher in the children 
with a NAR when compared with the other groups of responders, but the 
differences were not significant in either the first or the second survey. 
Airway responsiveness to histamine in childhood was more severe in children 
with a DAR than in the other groups of responders, and was also significantly 
increased in the house dust responders when compared with the non-respon­
ders, (p<0.05, Anova, Table 7.1). 
In both the first and second study, the house dust skin response tended to be 
lower in the group with no response to house dust inhalation compared with the 
other groups of responders. The differences were, however, not significant 
(p=0.072, Anova, Table 7. 1). 
House dust provocation test. 
The data of the 31 subjects who were re-challenged with house dust, and of the 
70 who were not re-challenged are listed in Table 7.2. Although fewer female 
adults had the opportunity to participate in the study, the differences were not 
statistically significant, (p=0.086, chi-squared test). No differences in FEY, 
% pred, number of subjects with a PC10-histamine, and percentage of subjects 
with ongoing respiratory symptoms could be found between the subjects who 
underwent a second house dust challenge and those who did not. 
We found a NAR in 6, an EAR in 6, a LAR in 8, and a DAR in 11 children; and 
a NAR in 9, an EAR in 13, a LAR in 0, and a DAR in 9 adults (Table 7.3), 
indicating that in the first survey 25 subjects (81 % ) and in the second survey 22 
subjects (71 % ) had a response to house dust. The change in airway respon-
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Table 7.2. 
Data of the 31 subjects re-challenged with house dust, and of the 70 subjects not re-challenged. 
Re-challenged Not re-challenged 
Sex (women/men) 5/26 25/45 
FEV1 % pred ± SD child: 81 ± 20 85 ± 18 
adult : 86 ± 12 85 ± 18 
PC10-histamine ,s; 16 mg/ml, n (%) 
child: 27 (87) 64 (91) 
adult: 8 (26)' 31 (44)' 
Ongoing respiratory symptoms n (%) 13 (42) 30 (43) 
Difference between child and adult significant, P < 0.001, chi-squared test. 
Table 7.3. 
Changes in airway responsiveness to house dust from childhood to adulthood. 
House dust response House dust response in adulthood 
Childhood 
NAR EAR LAR DAR 
NAR N= 6 4 1 0 1 
EAR N= 6 2 3 0 
LAR N= 8 3 4 0 1 
DAR N=ll  0 5 0 6 
Total 9 13 0 9 
siveness to house dust from childhood to adulthood and the presence or absence 
of ongoing respiratory symptoms is plotted in Fig. 7 .1. 
The 11 children with a DAR also had a response as adult; five had an EAR and 
six again a DAR. Eleven of the 13 adults (85%) with ongoing respiratory 
symptoms still responded with bronchoconstriction to inhalation of house dust. 
Eleven of the 18 adults ( 61 % ) without ongoing respiratory symptoms still 
responded on house dust inhalation. 
None of the adults with a NAR had a PC10-histamine :5 16 mg/ml. One of the 18 
subjects without (6%), and 6 of the 13 subjects (46%) with ongoing respiratory 
symptoms had a PC10-histamine :5 16 mg/ml. 
Discussion 
The present study demonstrates that the majority of adults (71 % ), whether or 
not they are free from ongoing respiratory symptoms, still has the potency to 
respond to inhaled allergens. This persistence of the allergen response is most 
pronounced in subjects with a combined early and late response to house dust in 
childhood. 
Our data suggest that the children with a NAR have a 'mild' form of asthma 
when compared with the responders. In the non-responders on house dust, 








Figure 7.1 .  
House dust provocat i on 





Change in airway responsiveness to house dust from childhood to adulthood, in subjects with ongoing 
respiratory symptoms (open circles) and without ongoing respiratory symptoms (closed circles). 
icantly lower. The clinical outcome of their asthma is also more favourable, 
since a smaller number of these children have ongoing respiratory symptoms in 
adult life. It is remarkable that the group of children with a NAR, when 
compared with the other groups of responders, proportionally contains more 
girls, and that an equal number of girls and boys in this group had ongoing 
respiratory symptoms in adult life, (27 and 22%, respectively). Another study 
also demonstrated, that in the group of children with the 'mildest' asthma, girls 
were predominant. The outcome for females and males was not different, but 
on the whole, the group with mild asthma had a more favourable prognosis 
compared with the groups with 'more severe' asthma (25,26). 
Conventional teaching regarding the pathogenesis of the late reaction to anti­
gen maintains that mediators released during the immediate response result in a 
further elaboration of biologically active compounds some hours later, which 
change airway responsiveness and produce a second wave of airway narrowing 
(6-8). As early as 1952 it was pointed out that the late bronchial reaction was of 
'great practical importance' and was associated with more severe asthma than in 
71 
patients without late reactions (27). Many studies have focused on the late 
reaction. These studies demonstrated the presence of neutrophil chemotactic 
factor (NCF-A) during both the early and late response following allergen 
challenge (28,29). Elevations in plasma and urine histamine during the early 
and late response have been found by some (30), but not all (31), investigators. 
Bronchoalveolar lavage (BAL) carried out shortly after the immediate re­
sponse and during the late reaction following allergen challenge, revealed that a 
significant eosinophilia was accompanied by elevated eosinophil cationic pro­
tein/albumin ratios during a late response (10), and that these eosinophils 
showed signs of degranulation (32) compared with controls and with those 
patients who demonstrated an early response only. These studies indicate that 
airway inflammation occurs following allergen challenge and that certain fea­
tures of this reaction are characteristic of late-phase responders. This increase 
or induction of airway inflammation leads to an increase in airway respon­
siveness (6,7). 
In adults, airway reactivity to histamine is significantly increased in the subjects 
with a DAR, compared with the other groups of responders (11). All children 
with a DAR in our study had a PC10-histamine :5 16 mg/ml, and airway 
reactivity was increased, compared with the other groups of responders. Of the 
adults with a NAR, EAR and DAR, respectively 0%, 23%, and 44% , had a 
measurable PC10-histamine. A strong relationship between the way of response 
to inhalation of house dust and PC10-histamine was established. In our study a 
number of subjects did respond to the inhalation of house dust with an EAR 
and a DAR, although they had no measurable airway reactivity. The EAR can 
be ascribed as a direct effect of the allergen on the mast cells of the airways, 
resulting in a release of histamine and other mediators, which leads to an 
immediate bronchial obstruction (33). A relationship between the EAR and 
airway responsiveness to histamine has been found, although this relationship is 
weaker as compared to the LAR (34) . In our study, the number of subjects with 
a measurable PC10-histamine was also lower in those with an EAR as compared 
to those with a DAR. It seems therefore that the EAR response on allergens is 
predominantly predicted by the susceptibility of the airways to an allergen and 
to a lesser degree by the non-specific airway reactivity. The inhalation time for 
the histamine challenge in our study was 30 seconds, instead of 2 minutes, and 
the test was stopped as soon as a 10% fall instead of a 20% fall in FEV, was 
reached, as is now the generally accepted method. It is reasonable to suppose 
that the test as used in our study has a response range which is rather small and 
will exclude the subjects with a borderline hyperreactivity (24). Therefore we 
suggest that in our study the DAR is also predominantly predicted by the 
presence of increased airway reactivity. 
Most reports do not find an isolated late bronchoconstrictive reaction on 
inhaled allergen in adults. One study in adults, however, demonstrated that 
approximately 40% had a LAR (11) .  It is still not known why the isolated late 
response occurs frequently in children, whereas adults tend to have an EAR, or 
a DAR (4,5). 
During the initial study it was supposed that the sequence in severity of 
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asthmatic response on house dust inhalation was from a NAR, to a LAR, to an 
EAR, and to a DAR. In the first study, (between 1966 and 1969), by van 
Lookeren Campagne, this hypothesis was tested in 14 children with a DAR on 
0.5 g.1·1 house dust. At least three weeks after this DAR, they were hospitalized 
again. The children were challenged with house dust every third day, starting 
with 0.05 g.I·1 followed by 0.1,  0.2, 0.3, and 0.4 g.I·1 • The test was stopped as 
soon as a DAR was reached. The data are plotted in Fig. 7.2. It was shown that 
three subjects again had a DAR on a ten-fold dilution of the house- dust extract. 
One child had no reaction on the ten-fold dilution. With increasing concentra­
tions of the provocation dose, first a LAR, and then a DAR appeared. From 
this we conclude that the way of bronchial responsiveness to the inhalation of 
allergens, whether a LAR or DAR, seems to be predicted by the dose of 
allergen administered. An explanation for the absence of an isolated late 
response in adults may be that there is an increase in allergy to inhaled allergens 
with age. 
Repeated house dust I nhalat i on provocat i on test w i th 
I ncreas ing  concentrat i ons of house dust. 
In i t i al 
house 
Subsequent house dust provocat i on tests 
dust 
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Fig. 7.2. 
Dose-related change in airway responsiveness to house dust in children with a DAR on the inhalation 
of the concentration of 0.5 g/1 house dust. 
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The early reaction is mainly determined by the degree of allergy. Therefore the 
early reaction will be less frequent in childhood than in adulthood. As a result of 
the increase in the degree of allergy, the adult will nearly always have an early 
reaction, which, depending on the amount of allergen inhaled, is followed by a 
late react ion. This may also explain why children become dyspneic many hours 
after exposure to an allergen without a preceding acute asthma attack. 
No reports are available about the predictive value of the type of house dust 
responsiveness for the outcome of childhood asthma. It seems reasonable to 
assume that the outcome may differ for the different types of responders to 
house dust. It has already been stressed that compared with the other type of 
responders fewer children with a NAR have ongoing respiratory symptoms in 
adulthood. No differences in percentage of subjects with ongoing respiratory 
symptoms were found in the other groups of responders to house dust. 
All 11 subjects with a DAR in childhood still responded to the inhalation of 
house dust in adult life; 6 (55%) had ongoing resp iratory symptoms while 5 
( 45%) had not. The DAR in childhood predisposes for a response to house dust 
in adult life, but does not necessarily predict the outcome of childhood asthma. 
Fifty-eight of the children in our study apparently outgrew their asthma. In fact, 
they outgrew their symptoms, but we demonstrated that they nearly always 
retained the capacity to react on allergens. The reaction may depend on the 
type and the quantity of allergen, and on the degree of airway reactivity to 
histamine. 
The outcome of childhood asthma is correlated with the type of responsiveness 
to allergens in childhood. 
Children may outgrow their resp iratory symptoms, but in general not the 
susceptibility of their airways to allergens. 
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Chapter 8 
Prognosis of asthma from childhood to adulthood. 
Jorrit Gerritsen1, Gerard H Koeter2, Dirkje S Postma2, Jan P Schouten3, Klaas 
Kno/1. 
Summary. 
The outcome of childhood asthma was studied in 101 adults, who came from a 
group of 119 asthmatic children (85%) aged between 6 and 14 years, who had 
originally been investigated between 1966 and 1969. Changes in respiratory 
symptoms, spirometry, and airway responsiveness to histamine in childhood 
and adult life were analysed. It was found that 43 of the 101 adults ( 43%) had 
ongoing respiratory symptoms; 29 of the 43 (67%) were on maintenance 
therapy. In the first study, 83 of the 101 children ( 82 % ) showed a response on 
inhalation of histamine (PC10-histamine $ 16 mg/ml). The number of subjects 
in the second study who still had a PC10-histamine $ 16 mg/ml fell to 29, 
suggesting that airway responsiveness decreases from childhood to adulthood. 
During the second survey (in adults) 25 of the 43 (59%) subjects with ongoing 
respiratory symptoms, and 4 out of the 58 (7%) without respiratory symptoms, 
responded to histamine. Adults with ongoing respiratory symptoms had a 
significantly lower FEV1 % pred in both childhood and adulthood than adults 
without ongoing respiratory symptoms. FEV 1 % pred was not different in 
females and males and smokers and non-smokers, in either the first or the 
second survey. 
The outcome of childhood asthma is primarily predicted by the initial degree of 
bronchial obstruction (p=0.041) and airway responsiveness to histamine 
(p=0.050), and does not appear to be related to sex, smoking habits, and age of 
onset of respiratory symptoms. 
Introduction. 
Little is known about the influence of the degree of bronchial obstruction and 
hyperreactivity on the outcome of asthma in children. Studies carried out in 
adults suggest that approximately 50% of the children with asthma still have 
ongoing respiratory symptoms in adult life (1-12). A number of studies mea­
sured changes in lung function (9-13), showing that FEV1 % pred was decreased 
in subjects with ongoing respiratory symptoms. Many of these studies on the 
outcome of childhood asthma are retrospectively designed in teenage or adult 
age groups (1-6). Others are prospectively designed and are based on the 
analysis of questionnaires (7), and/or on a single lung function measurement at 
From the Department of Pediatrics Pulmonology1 ; the Department of Pulmonology2; University 
Hospital Groningen. Department of Epidemiology3; University of Groningen. The Netherlands. 
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the end of the study (8) . The percentage of subjects lost to follow-up is often 
high (23 to 60%) ,  which may make interpretation of the data difficult (1-3, 5-7) . 
The afore-mentioned studies suggest that, depending on the population under 
study, 34% (2) to 70% (7) of the asthmatic children have ongoing respiratory 
symptoms in adult life. Similar differences in the percentages of subjects with 
ongoing respiratory symptoms were found within the prospective cohort study 
started by Williams and McNicol (9). This study was carried out in 7-year-old 
Melbourne schoolchildren who were followed-up to 28 years of age. An expla­
nation for this difference could be that in the Melbourne study, 83 children of 
the same age, with more severe asthma, were added to the original group of 295 
(10-12). 
One of the main features of asthma is an increased airway responsiveness to 
inhaled non-specific stimuli. When the measurements of airway responsiveness 
are carried out in a standardized way, the results may reflect the severity of the 
actual disease state (10,14-16). To date, no measurements of changes in airway 
responsiveness from childhood to adulthood have been carried out. 
The aim of the present study was to investigate how childhood respiratory 
symptoms, age of onset of respiratory symptoms, degree of initial bronchial 
obstruction, and degree of airway responsiveness contribute to the prediction 
of the outcome of childhood asthma. 
The symptom scores, degree of airway obstruction, and airway responsiveness 
to histamine were investigated in a group of 119 children with asthma (aged 6 to 
14 years) . They were participating in a study on the relationship of airway 
responsiveness to the inhalation of histamine and of house dust between 1966 
and 1969 (17, 18). In the present study, 101 of the original 119 subjects (85%) 
were re-investigated after a mean period of 16 years. 
Patients and methods. 
Patients. 
One hundred and nineteen asthmatic children, 39 girls (33%) and 80 boys 
(67%), sex ratio 1 to 2. 1 ,  aged 6 to 14 years, were included in the study from 
1966 to 1969 (17,18) . During that period the children were referred to the 
outpatient department by their general practitioner. They were included if both 
the child and the parents gave informed consent for a 5-day stay in hospital, if 
the children were able to perform technically satisfactory lung function tests, 
and if their asthma was in a stable phase. 
The children were hospitalized in the Pediatric Clinic of the University Hospital 
(18). A histamine provocation test and spirometry were carried out at 09.00 
hours a.m. on the second day after admission. 
All therapy, including anti-histaminic drugs ( thiazinamium or promethazine), 
was withheld at least 24 hours before the measurements. None of the children 
used regular oral corticosteroids. Inhaled corticosteroids or cromoglycate were 
not available at the time. 
All 119 children had a history of respiratory symptoms and all but 6 had a 
positive skin reaction to house dust (Diephuis Laboratory, Groningen, the 
Netherlands). 
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One hundred and one of the 1 19  subjects (85%) were re-investigated (second 
survey) in our outpatient department from 1984 to 1986; the same methods 
were used, and the study was carried out in the same laboratory. Eighteen were 
lost to follow-up, 8 female and 10 male subjects, sex ratio 1 to 1.3. Sixteen of 
these (8 female and 8 male subjects) were not cooperative. Data of two male 
subjects are missing. Again, therapy was withdrawn at least 24 hours before the 
measurements, with the exception of oral corticosteroids (3 subjects). 
Questionnaire. 
Data on age, sex, smoking habits and respiratory symptoms were collected 
using the Dutch version of the British Medical Research Council's standardized 
questionnaire, which was extended to include questions about the ages of onset 
and cessation of the respiratory symptoms, and the need for medication 
(19,20). The specifications of the questionnaire and of smoking is presented on 
page 35. 
Pulmonary function. 
Pulmonary function measurements were carried out in a standardized way and 
are described on page 36 (21,22). 
Histamine inhalation provocation test. 
The method ofTiffeneau, as modified by De Vries (23) and Knol (14) , was used 
in order to meet standardization guidelines (24). The method is described on 
page 36. 
Data analysis. 
Statistical analysis of the data was carried out using the Systat (System for 
Statistics) programme. 
The continuous variables are presented as arithmic mean ± the standard 
deviation, and as geometric mean. 
Changes between the two surveys in proportions of subjects with a PC10-
histamine � 16 mg/ml, ongoing respiratory symptoms, cough, phlegm, wheez­
ing, dyspnea, and attacks were assessed for statistical significance using 
McNemar's chi-squared test. 
Differences in FEV1 % pred, and PC10-histamine between the groups stratified 
for sex, ongoing respiratory symptoms, and smoking, were assessed with paired 
and unpaired t-tests. 
In the logistic regression analysis, sex, ongoing respiratory symptoms, smoking, 
and adult histamine threshold were considered to be dichotomous variables. 
Adults with a PC10-histamine � 16 mg/ml were considered to be positive, or 
responders, and those with values of > 16 mg/ml were considered to be nega­
tive, or nonresponders. Childhood histamine threshold with log transformed 
PC10-values, age of onset of respiratory symptoms, years between first and 
second survey, and FEV1 were considered to be continuous variables. 
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In multiple linear and logistic regression analyses, the following potential 
childhood risk factors with regard to the outcome of childhood asthma were 
assessed: the symptom score, defined as the sum of cough, phlegm, wheezing, 
dyspnea, and asthmatic attacks; the degree of bronchial obstruction, defined as 
FEV1 % pred; and the degree of airway responsiveness defined as PC10-hista­
mine. In these analyses, ongoing respiratory symptoms, PC10-histamine, and 
FEV1 % pred in adulthood were used as outcome variables. 
Results. 
In this study, 101 of the initial 119 patients (85%) were re-investigated, the 
mean age being 26 ( range 22 to 31  years) . The time between both investigations 
ranged from 14-20 years, with a mean value of 16 years. The number of subjects 
with ongoing respiratory symptoms was 43 ( 43 % ) ; in the second survey 34 of 
these (79%) used medication, 29 (67%) being on daily therapy (including 3 on 
oral corticosteroids), and five used 82-agonists on demand (12%); 24 of the 29 
subjects on daily therapy were using two or more drugs. The remaining 9 
subjects (21 % ) used no medication and were not monitored by a lung specialist. 
There was no significant difference in mean FEV1 % pred values between adults 
with ongoing respiratory symptoms who used medication and those who did 
not; values were 76 ± 18% and 76 ± 16% respectively. Five of the 58 subjects 
without ongoing symptoms (9%) were still on maintenance treatment, four of 
them using cromoglycate and one a 82-agonist. 
In 35% of the subjects, respiratory symptoms had started in the first year of life; 
in 85 % symptoms in the first five years of life. 
Analysis of the subjects lost to follow-up, and of all subjects re-investigated, 
stratified for sex and ongoing respiratory symptoms. 
The data of subjects who attended the study were subdivided into data on the 18  
children lost to  follow-up, (excluding the two children with missing data) , and 
data on the 101 children who were re-investigated as adults, (Table 8.1) . 
Between the 16 and 101 children of the initial investigation, no significant 
differences were found in mean values for age, FEV 1 % pred, in the number and 
percentage of children with a PC10-histamine s 16 mg/ml, mean PC10-hista­
mine, symptom score, and age of onset of respiratory symptoms. 
The mean FEV1 % pred from childhood to adulthood was unchanged; but the 
number and percentage of subjects with a PC10-histamine s 16 mg/ml decreased 
significantly (p<0.0001, McNemar's chi-squared test) . The mean PC10-hista­
mine increased significantly in those with a measurable PC10-histamine. Respi­
ratory symptoms and symptom score decreased significantly (p<0.001, McNe­
mar's chi-squared test). 
Data of the male and female subjects are shown in Table 8.2. The percentage of 
females with ongoing respiratory symptoms was higher compared with males, 
though the difference was not significant (p = 0.064, McNemar's chi-squared 
test). There were no significant differences in mean FEV1 % pred, number and 
percentage of subjects with a PC10-histamine s 16 mg/ml, mean PC10-histamine, 
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Table 8.1 .  
Characteristics o f  the 16  children who attended the first survey and were lost to follow up, data of  two 
children are missing (child1) ,  and of the 101 subjects who attended the first survey(child) and the 
second survey (adult). 
Child' Child Adult 
Variable (n= 16) (n=101) (n= 101) 
Age (mean ± SD) 9.4 ± 1.9 9.7 ± 2.0 26.4 ± 2.4 
Sex Female/male 8/8 31n0 31n0 
FEV1 % pred (mean ± SD) 83 ± 16 84 ± 19 85 ± 16 
PC10-histamine 
:s 16 mwml (n) 13 (81%) 83 (82%) 29 (29)+ 
PC10-histamine mg/ml, 
geometric mean 4.11 4.05 8.461 
Ongoing respiratory 
symptoms, n (%) 16 (100) 101 (100) 43 (43) 
Respiratory symptoms n (%) 
Cough 5 ( 31) 60 (59) 13 (13)+ 
Phlegm 3 ( 19) 31 (30) 15 (15j+ 
Wheeze 16 (100) 98 (97) 42 (42)+ 
Dyspnea 15 ( 94) 82 (81) 39 (39)+ 
Asthmatic attacks 13 ( 82) 84 (83) 25 (58)+ 
Symptom score 3.1 ± 0.9 3.5 ± 0.9 1.4 ± 1 .6+ 
Age of onset of 
respiratory symptoms ± SD 2.8 ± 1 .8 2.9 ± 2.2 
Yrs between first and 
second survey 16.7 ± 1 .5 
Smoking n (%) 43 (43%) 
Age of onset of smoking ± SD 15.5 ± 2.2 
Cigarette packyears 11 .3 ± 6.9 
+ Difference between child and adult significant, P<0.001, McNemar's chi-squared test. ' Differ­
ence between child and adult significant, P<0.01, paired Student's t-test. 
prevalence of symptoms, mean symptom score, mean age of onset of respira­
tory symptoms, mean years between first and second survey, mean age of onset 
of smoking and mean cigarette pack years for males and females and/or the 
changes for both sexes from childhood to adulthood. 
A comparison of data of subjects with and without ongoing respiratory symp­
toms is shown in Table 8.3. In both the first and second surveys, the mean FEV1 
% pred and the mean PC10-histamine are significantly lower in subjects with 
ongoing respiratory symptoms than in subjects without symptoms. Both in 
childhood and adulthood, the number and percentage of subjects with a PC10-
histamine ;s; 16 mg/ml was increased in subjects with ongoing respiratory 
symptoms compared with those without symptoms. During childhood no signif­
icant differences in prevalence of symptoms ( cough, phlegm, wheeze, dyspnea, 
and asthmatic attacks), and symptom score were found between those who did 
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Table 8.2. 
Comparison of data on female and male subjects who attended the first ( child) and the second survey 
(adult). 
child adult 
female male female male 
variables (n=31) (n=70) (n=31) (n=70) 
Age (mean ± SD) 9.2 ± 1 .5 9.9 ± 2.1  25.8 ± 1.9 26.7 ± 2.5 
FEY, % pred (mean ± SD) 81 ± 20 85 ± 18 86 ± 17 85 ± 16 
PC10-histamine 
s 16 mg/ml, n (%) 24 (77%) 59 (84%) 11 (35%)' 18 (26%)' 
PC10-histamine mg/ml, 
geometric mean 3.48 4.30 8.77 8.25 
Ongoing respiratory 
symptoms, n (%) 16 (52%) 27 (39%) 
Respiratory symptoms n (%) 
Cough 22 (71) 38 (54) 5 (16)' 8 (11)' 
Phlegm 1 1  (35) 20 (29) 3 (10)' 12 (17)' 
Wheeze 30 (97) 68 (97) 16 (52)' 26 (37)' 
Dyspnea 22 (71) 60 (86) 15 (48)' 24 (34)' 
Asthmatic attacks 27 (87) 57 (81) 9 (29)' 16 (23)' 
Mean symptom score in subjects 
with respiratory 3.6 ± 0.9 3.5 ± 0.9 3.0 ± 0.9 3.2 ± 1.0 
symptoms (mean ± SD) (n = 16) (n.,.27) 
Age of onset of respiratory 
symptoms yrs ± SD 3 . 1  ± 2.4 2.9 ± 2.1  
Yrs between first and 
second survey 16.6 ± 1 . 1  16.7 ± 1 .7 
Smokers 12 (39%) 31 (44%) 
Age of onset smoking 
(mean ± SD) 16.0 ± 1 .8 15.3 ± 2.7 
Cigarette pack 
years (mean ± SD) 1 1 .6 ± 7.0 1 1 . 1  ± 7.0 
Changes in number and percentage from child- to adulthood significant, for both sexes p<0.01, 
McNemar's chi-squared test. 
and those who did not develop ongoing respiratory symptoms. Coughing and 
asthmatic attacks were significantly decreased in adults with ongoing respira­
tory symptoms, compared with the children who did and those who did not 
develop ongoing respiratory symptoms, (p<0.05, McNemar's chi-squared 
test) ; mean symptom scores were not significantly different. The mean age of 
the onset of respiratory symptoms was not significantly different in the subjects 
with and without respiratory symptoms: 2.7 ± 2.2 and 2.9 ± 2. 1 years, respec­
tively (p = 0.586, Student's· t-test) . The age of onset of smoking, number of 
subjects who smoked and cigarette packyears in adulthood did not differ 
between the subjects with and without ongoing respiratory symptoms. 
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Table 8.3. 
Comparison of data on subjects with and without ongoing respiratory symptoms who attended the 
first (child) and the second survey (adult). 
child adult 
Ongoing respiratory symptoms 
variables yes (n=43) no (n=58) yes (n=43) no (n=58) 
Age (mean ± SD) 9.7 ± 2.1 9.7 ± 1.9 26.5 ± 2.6 26.3 ± 2.2 
FEV1 % pred (mean ± SD) 78 ± 20 89 ± 17' 76 ± 17 92 ± 1 1' 
PC10-histamine 
s 16 mg.'ml, n (%) 40 (93%) 43 (75%) 25 (58%V 4 (7%)+ 
PC10-histamine, mg.Im! 
geometric mean 3.16 4.99' 6.50S 17.15+,S 
Respiratory symptoms n (%) 
Cough 24 (56) 36 (62) 13 (30)' 0 (0) 
Phlegm 13 (30) 18 (31) 15 (35) 0 (0) 
Wheeze 42 (98) 56 (97) 42 (98) 0 (0) 
Dyspnea 36 (84) 46 (79) 39 (91) 0 (0) 
Asthmatic attacks 37 (86) 47 (81) 25 (58)' 0 (0) 
Symptom score 3.5 ± 1 .0 3.5 ± 0.9 3.1 ± 1 .0 
Age of onset respiratory 
symptoms yrs ± SD 2.7 ± 2.2 2.9 ± 2.1 
Yrs between first and 
second survey ± SD 16.8 ± 1.7 16.6 ± 1.4 
Smokers no (%) 15 (35%) 28 (48%) 
Age of onset smoking 
yrs ± SD 15.9 ± 1.9 15.3 ± 2.7 
Cigarette pack 
years (mean ± SD) 9.7 ± 9.1 12.2 ± 5.3 
+ Difference between subjects with and without ongoing respiratory symptoms, and I between child 
and adult significant, P <0.05, Student's paired t-test, 'difference between child and adult, and 
#between subjects with and without ongoing respiratory symptoms, significant, P <0.05, McNe­
mar's chi-squared test. • Difference between child and adult, P = 0.062, paired Student's I-test. 
In the subjects without ongoing respiratory symptoms, the mean age at which 
they became symptom-free was 14.9 ± 3.6 yrs. 
The relationship between PC10-histamine and FEV1 % pred in childhood was 
significant (r=0.254, p<0.010). PC10-histamine in adulthood was also related to 
FEV1 % pred in adulthood (r=0.400, p<0.001). 
The individual histamine responses of the subjects with and without ongoing 
respiratory symptoms in childhood and adulthood are plotted in Fig. 8. 1. The 
change in airway responsiveness is significant for both groups (p<0.001, Stu­
dent's t-test). 
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The histamine threshold values of the first survey in childhood are plotted versus the histamine 
threshold values in adulthood. The open circles are the values of the subjects without ongoing 
respiratory symptoms during the second survey. A fall of FEV, <10% after inhalation of 32 mg/ml 
histamine was assigned to be >32 mg/ml. 
Predictive value of childhood measurements for the outcome of childhood asth­
ma. 
In a logistic regression, ongoing respiratory symptoms were related to FEV1 
% pred, and PC10-histamine in childhood, stratified for the age of the child in 
the first survey, sex, symptom score, age of onset of respiratory symptoms, 
years between the first and second survey, and smoking (Table 8.4). 
In a logistic regression, PC10-histamine in adulthood was related to FEV1 
% pred, age of onset of respiratory symptoms and years between first and 
second survey, stratified for age of the child during the first survey, sex, 
PC10-histamine in childhood, symptoms score, and smoking (Table 8.4). 
In a multiple regression, FEV1 % pred in adulthood was related to the FEV1 
% pred in childhood, the PC10-histamine in childhood, and the symptom score, 
stratified for sex, age of the child during the first survey, years between the first 
and second survey, and smoking (Table 8.5). 
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Table 8.4. 
Coefficients of logistic regression on the outcome of childhood asthma ( ongoing respiratory symp­
toms, and PC10-histamine s 16 mg/ml in adulthood) .  
Ongoing respiratory PC10-h1stamine 
symptoms s 16 mg/ml (adult) 
Variable Coeff SE p-value Coeff SE p-value 
Age child first survey (yrs) -0.01 0.12 .907 -0.28 0.15 .060 
Sex 0.57 0.49 .239 -0.70 0.56 .212 
FEV1 % pred 0.03 0.01 .041 -0.07 0.02 .005 
PC10-histamine child (mg/ml) 0.22 0.12 .050 -0.06 0.14 .644 
Symptoms (cough, phlegm, dyspnea, 
wheezing, asthmatic attack) 0.17 0.25 .498 0.01 0.30 .975 
Age of onset of respiratory 
symptoms(yrs) -0.04 0.10 .701 -0.35 0.16 .027 
Yrs between first and 
second survey -0.06 0.15 .671 0.57 0.22 .008 
Smoking 0.54 0.46 .243 -0.24 0.55 .663 
Constant -2.61 3.48 .453 -1 .66 4.44 .708 
Coeff = coefficient of variation, SE = Standard Error. 
Table 8.5. 
Coefficients of multiple linear regression on the outcome of childhood asthma (FEV1 % pred). 
Variable Coefficient SE p value 
Age child first survey (yrs) 0.36 0.81 .659 
Sex 1.65 3.33 .622 
FEV1 % pred 0.25 0.09 .005 
PC10-histamine child (mg/ml) 1.81 0.78 .023 
Symptoms (cough, phlegm, dyspnea, 
wheezing, asthmatic attack) 3.56 1.69 .038 
Age of onset of respiratory 
symptoms(yrs) 0.60 0.69 .383 
Yrs between first and 
second survey -0.87 1.00 .386 
Smoking -2.66 3 . 12 .401 
Constant 58.86 26.20 .027 
Coeff = coefficient of variation, SE = Standard Error. 
Discussion. 
Asthma can be 'outgrown' .  This is common in children with mild or infrequent 
asthma (7 ,11) .  It has been demonstrated that more than halfof the children who 
had mild asthma were free from wheezing by the time they became adults, and 
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that most of the others had only mild recurrent wheezing. Outgrowing asthma, 
however, may be the exception rather than the rule in children who have 
moderate to severe asthma (7, 11) .  Only 20% of the children who had severe 
asthma were free from wheezing in adulthood (11,12). Our study shows that 
more than 50% 'outgrew' their disease. There is, however, a discrepancy 
between subjective awareness of asthma symptoms and the degree of airway 
obstruction. Many subjects who seem to be symptom-free for prolonged peri­
ods, have airway obstruction varying from perhaps incidental to persistent 
airflow limitation (25) . This may indicate that their questionnaire underesti­
mated the severity of asthma (25). In our study as well, 8 of the 58 adults without 
ongoing respiratory symptoms had a marked bronchial obstruction (FEV1 
% pred < 75%) .  It appears, therefore, that a number of adults who seem to be 
symptom-free and do not have asthmatic attacks, in fact have persistent asth­
ma. 
Population studies have shown that the incidence of asthma in boys is 1 .5 or 2 
times higher than in girls (9,14,20,26). This difference gradually diminishes 
from childhood to adulthood (10,12). In our first survey, when all the children 
had respiratory symptoms, the ratio between female and male was 1 :2. 1 .  In the 
second survey in subjects with ongoing respiratory symptoms, this ratio was 1 to 
1 .7. However, this change was not significant (p=0.064, McNemar's chi­
squared test) ; the trend is in agreement with other studies (10,12,26). In the 
second survey, women were less willing to cooperate in the study than men. Our 
findings about changes in sex incidence may therefore be biased. This does not 
imply that the results are not valid, since no significant differences were found 
between the children lost to follow-up and the re-investigated children for any 
parameter under study. 
As in other follow-up studies in similar age groups, the FEV1 % pred values 
obtained in females and males were not different in childhood and adulthood 
(11 ,12,27). Since more women than men tended to have ongoing respiratory 
symptoms, we expected to find a difference in FEV1 % pred between both 
sexes. An explanation for the lack of difference may be that the number of 
females in this study is too small to stratify for sex. 
Airway responsiveness to histamine is increased in virtually all subjects with 
current symptoms of asthma, and in approximately 20% of the total population 
sample (28-31) . The prevalence of airway responsiveness in population studies 
depends on the definition of increased responsiveness, the method of mea­
suring responsiveness, and the age range of the population. In a large pop­
ulation study with subjects aged from 14 to 64, the prevalence of airway 
responsiveness on histamine was found to increase from 14 to 40% with age 
(28) . In the same study it was observed that the prevalence of airway respon­
siveness tended to decrease after the age of 65, but the number of observations 
was too limited to draw firm conclusions (28) . In another population, airway 
responsiveness was 28% in subjects between the ages of 5 to 24. In adults aged 
25-44 years this was only 8% (31). The observations in population studies 
cannot be translated just like that to asthmatics, since they are performed in 
predominantly healthy subjects. To date no information is available on the 
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long-term changes of airway responsiveness in asthmatic children. We found a 
decrease in airway responsiveness from childhood to adulthood. Moreover, the 
number of subjects with a PC10-histamine s; 16 mg/ml also decreased with time. 
In our study, 83% of all the asthmatic children, and 58% of the adults with 
ongoing respiratory symptoms, showed a PC10-histamine s; 16mg/ml. We ex­
pected to find a similar degree of airway responsiveness to histamine in adults 
with ongoing respiratory symptoms and in the children, since the mean symp­
tom score was on the same level. However, two of the symptoms ascribed to 
airway responsiveness, cough and asthmatic attacks, were significantly de­
creased, which may partly be related to the decrease in airway responsiveness. 
The same reproducible method of hyperreactivity testing was used on both 
occasions (14,23). Airway responsiveness may be increased by viral upper 
respiratory tract infections, and by recent exposure of the airways to an inhaled 
allergen (32-36). During the first study, the children were hospitalized, and only 
challenged if they had not had an asthma attack in the preceding month. In the 
second survey, the investigation was carried out in the outpatient department. 
If viral infections and allergen exposure played a role during the second survey, 
these factors should lead to an increase rather than a decrease in airway 
responsiveness. 
Other factors could be airway growth, changing density of receptors, and 
increasing lung volume. Recent observations in non-asthmatic children indicate 
that these factors probably have no influence, since the histamine provocation 
dose producing a 6% fall in FEV1 (PD6) does not change over several years 
(using the tidal breathing method) (37). 
We conclude that airway responsiveness to histamine decreases from childhood 
to adulthood in subjects with ongoing respiratory symptoms. 
In the second survey, PC10-histamine was predicted by three childhood factors, 
the age of onset of respiratory symptoms, the FEV1 % pred, and the number of 
years between the first and second survey. This remained true when corrected 
for FEV1 % pred in adult age, indicating that FEV1 % pred in adulthood did not 
influence the outcome of the analysis. We did not find a relationship between 
adult PC10-histamine, and childhood PC10-histamine; these results are confus­
ing. PC10-histamine was related in both childhood and adulthood with the FEV 1 
% pred. The lack of relationship between the PC10-histamine in childhood and 
adulthood may be explained by the overall decrease in airway reactivity be­
tween the two surveys. 
Airway reactivity decreased significantly with increasing years between the first 
and the second survey. Although the logistic regression was stratified for this 
time interval, it might have influenced the relationship between childhood and 
adulthood PC10-histamine. 
We found that in adults with ongoing respiratory symptoms, mean FEV1 
% pred had already been low in childhood and did not change significantly 
between the first and second survey. It suggests that individuals with a more 
severe bronchial obstruction in childhood are more likely to have ongoing 
respiratory symptoms in early adult life as compared with asthmatic children 
with only small or no bronchial obstruction. This was confirmed by analysis of 
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the childhood factors which determine FEY1 % pred in adulthood. Childhood 
predictive factors were FEY1 % pred, PC10-histamine, and symptom score. 
Other studies in symptom-free young adults with a history of asthma in child­
hood also have demonstrated that FEY 1 is lower, compared with normal 
subjects (4). In adults who had minor wheeze in childhood and who had been 
wheeze-free for at least 3 years, FEY1 was indistinguishable from a control 
group ( 4). In another study, mean FEY 1 % pred was significantly lower in 
children of 14 years with severe symptoms when compared with a group with 
minor symptoms. In these groups, FEY1 % pred was not different at 14 and 21 
years (10). 
Smoking was not related to airway obstruction; this is in contrast with other 
studies (38,39). Smoking may lead to a decrease in the rate of growth of FEY1 
(39). In adult age, male smokers in particular are shown to have an accelerated 
rate of decline in lung function and a significant risk of development of chronic 
obstructive airway disease (39-41) .  In our study we expected that in the second 
survey FEY1 % would be decreased in smokers compared with the non­
smokers, and especially in those individuals who had ongoing respiratory 
symptoms. However, the FEY1 % pred values of smokers and non-smokers 
were not different. 
A relationship has been observed between smoking and airway responsiveness 
(41,42). Middle-aged smokers with normal ventilatory function matched for 
age and atopic status more frequently exhibit an increased airway respon­
siveness than non-smokers, (42). This relationship has not been found in 
somewhat younger subjects (43,44) . This is in agreement with our findings: no 
differences in airway responsiveness were observed between the smoking and 
non-smoking subjects with or without ongoing respiratory symptoms. Explana­
tions for the lack of relationship between smoking and the degree of airway 
obstruction or airway responsiveness may be that the period of smoking in most 
subjects was too short to influence the degree of airway obstruction and to 
trigger airway responsiveness, and that the group of subjects is too small to 
stratify for cigarette packyears. 
In terms of percentages, more subjects without ongoing respiratory symptoms 
smoked, and they tended to smoke more cigarettes, than those with ongoing 
respiratory symptoms, although these differences were not significant. This 
gives some support to the supposition, that the possibility that cigarette smoking 
increases symptoms in subjects with ongoing respiratory symptoms may have 
caused them to abstain from smoking. Although no differences were found in 
bronchial obstruction and airway responsiveness between smokers and non­
smokers, the number of smokers among subjects with asthma is of great 
concern. 
The outcome of childhood asthma (ongoing respiratory symptoms) was deter­
mined by both the degree of bronchial obstruction and the degree of initial 
airway responsiveness in the first survey. In contrast with other studies, but in 
agreement with the findings of Blair (7), no relationship was found between age 
of onset of respiratory symptoms and ongoing respiratory symptoms. We 
suppose that respiratory symptoms may have started before the age of 2 in the 
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majority of the children. In order to answer this question properly, long-term 
prospective studies starting at birth are needed. 
Since our data support the assumption that airway responsiveness and degree of 
bronchial obstruction in childhood are important components of the outcome 
of childhood asthma, we are of the opinion that efforts to reduce the level of 
airway responsiveness and the degree of bronchial obstruction are major ob­
jectives in the management of this disease (45). 
The recognition of bronchial obstruction and airway responsiveness in asth­
matic children as risk factors for asthma in adulthood provides a good opportu­
nity for early intervention. 
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Chapter 9 
Summary and conclusions 
Summary 
This thesis deals with the predictability of the presence and the course of 
asthma in adult age on the basis of measurements in childhood obtained in 
asthmatic children. These measurements are: history, physical examination, 
pulmonary function, airway hyperreactivity on inhalation of histamine and 
house dust, skin tests, and blood eosinophils. The results of these measure­
ments were compared with the results obtained in adulthood. 
The study was instigated by the concern of most parents of asthmatic children 
about the prognosis of their child. In pediatric practice, one of the most 
common questions from parents of asthmatic children is: 'At what age will my 
child outgrow his or her complaints?' When they are told that about one half of 
the asthmatic children will be symptom-free in adulthood, their subsequent 
question is: 'On what grounds can we determine whether my child will outgrow 
his or her symptoms?' With the aim of solving part of this complex puzzle, we 
carried out a follow-up study in a group of 1 19 known asthmatic children, aged 6 
to 14. These children had previously been investigated between 1966 and 1969 
by van Lookeren Campagne (1,2). Between 1983 and 1987, 101 (85%) of these 
119 subjects were reinvestigated in adulthood (aged between 22 and 31). As 
bronchial hyperreactivity was assumed to be an important factor in the pre­
diction of the outcome of childhood asthma, various aspects of bronchial 
hyperreactivity were studied in asthmatic children, including recovery of FEY 1 
after provocation and the effect of 82-receptor blockade by propranolol. 
Several other investigators have dealt with the outcome of childhood asthma. In 
general, these studies show that 50% of the asthmatic children is symptom-free 
in adulthood. A number of studies have investigated factors for their prognostic 
value with regard to the outcome of childhood asthma. These factors are: 
respiratory symptoms before the age of 2, eczema, viral respiratory infections, 
degree of bronchial obstruction in childhood, breast-feeding and smoking 
habits of the mother (3-14). 
The first chapter gives a general survey of the literature. The following aspects 
are discussed: prevalence of childhood asthma; natural history of childhood 
asthma; allergy in children and changes occurring between childhood and 
adulthood; bronchial hyperreactivity in the general population and in asthmatic 
children and factors preceding bronchial hyperreactivity; the role of airway 
obstruction with regard to the outcome of childhood asthma; the influence of 
smoking: the pattern of complaints, lung function, bronchial hyperreactivity 
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and allergy; and finally the influence of other environmental factors on the 
natural history of asthma. 
In chapter 2, factors influencing the time necessary for a complete recovery of 
FEV1 after a histamine challenge test are analysed. We also investigated 
whether a second challenge test, carried out after recovery of lung function 
(FEV1) ,  led to a reproducible PD20-histamine value. From the results we 
conclude that the time necessary for a complete recovery of FEV1 after hista­
mine inhalation varied widely within the group of asthmatic children studied. 
More than 50% of the children needed less than 30 min, but in 2 of the 45 
subjects, recovery of FEV1 was not complete until 75 min after provocation. 
The time necessary for recovery was mainly determined by the amount of 
histamine inhaled. No evidence was found for desensitization of histamine 
receptors, as a second histamine challenge resulted in a highly reproducible 
PD20 value. We also found a correlation between baseline FEV1 % pred and the 
histamine response. 
The clinical implications of this study are: firstly, that after histamine challenge 
other tests can be performed when FEV1 has returned to 95% of baseline value, 
and secondly, that in some children recovery of FEV1 may be very prolonged, 
and may take longer than 75 min. In these children a second provocation test 
should not be performed within 2 or 3 hrs of the first test, and perhaps not even 
on the same day. 
Chapter 3 discusses the effect of the non-selective 8-blocking agent propranolol 
on lung function and hyperreactivity in children with asthma. Two-thirds of the 
children responded both on histamine and on propranolol. A linear relation­
ship was found between the PC20 values for histamine and propranolol. Ipratro­
pium bromide accelerated the recovery of FEV1 after challenge with proprano­
lol. Our final conclusions were that inhalation challenge with propranolol can 
be performed in asthmatic children to study the contribution of the 8-adre­
nergic system to the regulation of bronchial smooth muscle tone. Compared 
with histamine, propranolol provocation tests have, however, several disad­
vantages. These are: the long duration of the test, the prolonged action of 
propranolol and the fact that only children with a markedly increased hyper­
reactivity respond on propranolol. 
Chapter 4 gives a survey of the patients included in the follow-up study: 
selection criteria and the methods used in investigation are discussed. The same 
methods, and materials from the same suppliers, were used in both the child­
hood and adulthood studies. In childhood (first survey), the children were 
hospitalized for five days in the W.A. Scholten Hospital. In the adults, the study 
was carried out in the lung function laboratory of the outpatient paediatric 
clinic. 
The adults were traced by means of the data information system of the hospital, 
the Registry Office of the community in which they lived in childhood, and by 
contacting the parents, if these were still living at the same address as during the 
first (childhood) survey. 
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A general survey of the patients included in the follow-up study is given in 
chapter 5. A clear relationship was found between family predisposition for 
asthma and ongoing respiratory symptoms in adulthood; a clear association was 
also found between a family history of allergic rhinitis and eczema and the 
presence of these symptoms in the patients. During both surveys, the majority 
of the subjects lived in the vicinity of Groningen, which implies that envi­
ronmental factors for the participants were comparable during both surveys and 
can therefore hardly have influenced the results of our study. 
It was remarkable that most adults were fully employed, and that their profes­
sions covered all social classes. 
No growth retardation was found in the subjects studied. Neither did we find 
differences in growth between subjects with or without ongoing respiratory 
symptoms in adulthood. 
Chapter 6 discusses the changes in allergy for house dust, animal dander, grass 
pollen and moulds, and changes in the number of blood eosinophilic granulo­
cytes from childhood to adulthood. We also studied the predictive value of 
these tests for the presence of asthmatic complaints in adulthood. The number 
of positive skin tests increased from childhood to adulthood. The intensity of 
the skin reaction on the allergens tested also increased. The positivity of the 
skin tests with grass pollen was significantly higher in males than in females; a 
possible explanation is that males spend more time outdoors than females. A 
decrease from childhood to adulthood was found in the number of subjects who 
still had eosinophilia and in the total number of eosinophilic granulocytes. 
Fifty-three subjects had eczema in childhood; 10 of these still had eczema in 
adulthood. Twenty-three children with eczema still had asthmatic complaints in 
adulthood. We conclude that neither eczema, nor skin reaction, has an effect on 
the prognosis of childhood asthma. 
In the first study, a house dust provocation test was carried out in all children. In 
the second study, this test was repeated in 31 adults. The results of this 
investigation are presented in chapter 7. The eleven subjects who had shown a 
combined early and late response in childhood, still responded with bronchial 
obstruction to house dust inhalation in adult age. None of the adults had an 
isolated late response. The dose-dependency of the bronchial response to 
allergen was investigated in 14 children with a combined reaction on inhalation 
of 0.5 mg/ml. house dust. At first they had no response, or only a late response, 
on a lower dose. Increases in the dose of the inhaled allergen again resulted in a 
combined reaction. An explanation for the absence of an isolated late response 
in adults may be that there is an increase in the allergy to inhaled allergens with 
age. 
The early reaction is mainly determined by the degree of allergy. Therefore the 
early reaction will be less frequent in childhood than in adulthood. As a result of 
the increase in the degree of allergy, the adult will nearly always have an early 
reaction, which may be followed by a late reaction. 
The conclusion of this study is that although in more than half of the adults the 
asthmatic symptoms have disappeared, there is no decrease in the potency to 
respond to inhaled allergens. The outcome of childhood asthma in adulthood is 
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more favourable in children without a bronchial obstructive response to house 
dust than in children who do respond. 
Chapter 8 presents the results of the study on the prognosis of childhood 
asthma, which was carried out using a standardized questionnaire, FEV1 
% pred, and PC10-histamine. 
Forty-three per cent of the adults still had ongoing respiratory symptoms. 
Medication was used by 34 (79%) of these subjects, 29 (67%) being on daily 
therapy (including 3 on oral corticosteroids), and 5 (12%) subjects used B2-
sympathomimetics on demand (12%). The remaining 9 subjects (21%) with 
ongoing respiratory symptoms did not use medication and were not regularly 
seen by a specialist. FEV1 % pred and PC10-histamine of adults with ongoing 
respiratory symptoms were lower in both childhood and adulthood, compared 
with adults without respiratory symptoms. No differences in FEV 1 % pred and 
PC10-histamine were found between males and females, or between smokers 
and non-smokers. Bronchial hyperreactivity to histamine decreased strongly 
from childhood to adulthood. 
In this group of children, the outcome of asthma was primarily predicted by two 
factors in childhood: the degree of bronchial obstruction i.e. FEV 1 % pred, and 
the degree of bronchial hyperreactivity to histamine i.e. PC10-histamine. In 
contrast to other studies, we did not find a relationship between the outcome of 
childhood asthma and the age of onset of respiratory symptoms (7). It is 
alarming that 43% of the adults smoked, and that 15 did so in spite of obvious 
ongoing respiratory symptoms. 
General discussion and final conclusions. 
This study on the prognosis of childhood asthma in adult age shows that 
approximately one half of the children referred to our outpatient department 
still has ongoing respiratory symptoms when reinvestigated in adult age. A 
similar percentage of subjects with ongoing respiratory symptoms is also found 
in a birth cohort study (6). In the past, Kool demonstrated that about 20% of 
the children has asthma symptoms (13). Only a small percentage of these 
children (3 to 4%) is referred to a specialist (13). The main reasons for referral 
are: the chronicity of the symptoms; the severity of the asthma, and inadequate 
reaction to the therapy instituted. It is not surprising that 50% of the children in 
this group has ongoing respiratory symptoms in adulthood. So far, there have 
been no satisfactory longitudinal studies concerning the long-term prognosis of 
a birth cohort of asthmatic children, and no comparison has been carried out 
between children who were referred and those who were not referred to a 
specialist. The prognosis of the group of asthmatic children as a whole may be 
more favourable than the prognosis of asthmatic children who were referred to 
a specialist. If there should be no difference between the groups, this could 
imply that a number of non-referred children is undertreated. 
The follow-up study in a birth cohort in Melbourne in children with mild to 
severe asthma ( aged 7 to 28) , demonstrates that ± 50% of the children still has 
symptoms in adult age (4,6,11). When the children were at the age of 10, a 
group of 87 children with severe asthma was added. The main reason for this 
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addition was that so few children in the initial group had severe asthma. 
Separate analyses of the two groups were not carried out. It seems probable that 
the outcome of this study is dominated by children with severe asthma, and that 
this study does not really demonstrate the natural course of asthma in the total 
population of children in whom asthma has been diagnosed. 
Our study demonstrates a relation between the FEV 1 % pred and the histamine 
threshold. The relationship was, however, not strong; we expected that the 
parameters, both separately and in combination, would have a predictive value 
for the prognosis of childhood asthma. When the results were analyzed, both 
the FEV1 % pred and the histamine threshold had a predictive value for the 
outcome of childhood asthma. Seventy per cent of the 30 children with a FEV1 
% pred s 70% and/or a PC10-histamine :S 1 mg/ml, and 25% of the 43 children 
with a FEV1 % pred 2:: 85% and a PC10-histamine 2:: 16 mg/ml still had symptoms 
in adult age. This implies that a number of children with a normal lung function 
and a low degree of hyperreactivity still have ongoing respiratory symptoms in 
adulthood, and that these parameters are strong indicators, but do not give 
absolute certainty about the prognosis of childhood asthma. The intensity of 
skin reaction and eosinophilia had no additional prognostic function either. 
Postma et al. have demonstrated that in adults the reversibility of bronchial 
obstruction is a determinant for the outcome of asthma (16). The patient 
populations in her and our study cannot be compared. Nevertheless, in both 
patient groups, relaxation of smooth muscle tissue plays a part with regard to 
the reversibility. In adults, reversibility is in addition determined by the elastic­
ity of the lung; in children possibly by the degree of airway inflammation. In our 
patient group, loss of elasticity does not play a role (or only a minor role). From 
the results of Kelly et al., we can deduce that at this age, reversibility is of small 
predictive value for the outcome of asthma, because all adults, including those 
with severe asthma, had a reversible bronchial obstruction (17) . So far, the 
predictive value of the response in children to bronchodilators for the outcome 
of asthma has not been investigated. Assuming that the degree of inflammation 
plays a role with regard to the reversibility in childhood, such an investigation 
might answer the question of a possible association of airway inflammation in 
childhood and the eventual prognosis. 
In addition to the disturbed FEV1 as a measure for bronchial obstruction, 
markedly disturbed FEF25•75 values (forced expiratory flow between 25 and 75% 
of VC) and Vmaxs/fLC values (maximal expiratory flow at 50% TLC) are 
found in adults with severe asthma (17). So far, the significance of these lung 
function parameters and of the total lung volume for the prognosis of childhood 
asthma have not been investigated. This could have an additional function in 
the prediction of the outcome of childhood asthma. 
Our study was a two-point measurement; one measurement in childhood and 
one in adult age. Information is still needed with regard to a number of 
questions, such as: at what age do symptoms disappear; what is the role of 
therapy; how is lung growth during puberty and adolescence; what is the 
influence of smoking of the parents, as well as of the patients themselves? 
With regard to this information, it is still worthwhile to start prospective 
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long-term follow-up studies in larger groups of asthmatic children and groups of 
children without asthma. The studies are needed to answer these questions. 
The final conclusions are: 
The prognosis of children with asthma is predicted by the degree of bronchi­
al obstruction and the degree of airway responsiveness in childhood. 
Allergy for inhalant allergens increases from childhood to adulthood. The 
degree of allergy is not a determinant of the outcome of childhood asthma. 
The susceptibility of the airways for house dust does not disappear in 
adulthood. The prognosis of subjects with no asthmatic response on house 
dust is more favourable in comparison with the other type of responders. 
Tachyphylaxia to histamine seems not to be present in children with asthma. 
Propranolol inhalation provocation test is a safe procedure in children with 
asthma and can be attributed to study the influence of the 8-adrenergic 
system on the regulation of the bronchial smooth muscle tone. 
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Hoofdstuk 10 
Samenvatting en conclusies 
Samenvatting. 
In dit proefschrift werd gekeken naar de voorspelbaarheid van bet v66rkomen 
en verloop van CARA op de volwassen leeftijd aan de hand van metingen die 
bij kinderen met 'astma' werden verricht. Deze metingen zijn: anamnese, 
Iichamelijk onderzoek, longfunctie, bronchiale hyperreactiviteit op inhalatie 
van histamine en huisstofinhalatie, allergie huidtests en bloedeosinofilie. De 
uitkomsten van deze metingen werden vergeleken met de resultaten verkregen 
op volwassen leeftijd. 
De studie werd ge'initieerd door de bezorgdheid van de meeste ouders van 
kinderen met CARA over de uiteindelijke prognose van bun kind. In de 
kinderartsenpraktijk is een van de meest gestelde vragen van ouders van 
kinderen met CARA: 'Op welke leeftijd ontgroeit mijn kind zijn CARA 
klachten'. Als dan wordt verteld dat ongeveer de helft van de kinderen met 
CARA klachtenvrij is op volwassen Ieeftijd, is de daarop logisch volgende 
vraag: 'Hoe weten we of mijn kind met CARA zijn klachten ontgroeit.' 
Teneinde een gedeelte van deze complexe puzzel op te lossen werd een ver­
volgstudie gedaan bij 119 kinderen in de Ieeftijd van 6 tot 14 jaar, waarbij de 
diagnose CARA was gesteld. Ze werden tussen 1966 en 1969 voor bet eerst 
onderzocht door van Lookeren Campagne (1,2). Van deze 119 werden tussen 
1983 en 1987, 101 (85%) wederom onderzocht; toen zij tussen de 22 en 31 jaar 
waren. Aangezien we veronderstelden dat bronchiale hyperreactiviteit een 
belangrijke factor was bij de voorspelling van de uitkomst van CARA, onder­
zochten we verschillende aspecten van bronchiale hyperreactiviteit, zoals bet 
herstel van de FEV1 na provocatie en de invloed van 82-receptorblokkade met 
propranolol. 
Door andere onderzoekers zijn een aantal studies gewijd aan de prognose van 
CARA bij kinderen. Over bet algemeen laten deze studies zien dat 50% van de 
kinderen met CARA klachtenvrij is op volwassen leeftijd. Een aantal studies 
heeft factoren op bun prognostische betekenis voor de uitkomst van CARA bij 
kinderen onderzocht. Deze factoren zijn: respiratoire symptomen v66r de 
leeftijd van 2 jaar, eczeem, virale luchtweginfecties, mate van bronchusob­
structie op de kinderleeftijd, borstvoeding en rookgedrag van de moeder 
(3-14). 
In bet eerste hoofdstuk wordt een algemeen overzicht gegeven van de litera­
tuur. Aspekten die aan de orde komen, zijn: prevalentie van CARA bij 
kinderen; bet natuurlijk beloop van CARA bij kinderen; allergie bij kinderen 
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en de veranderingen naar volwassen leeftijd; bronchiale hyperreactiviteit in de 
bevolking en bij kinderen met CARA, en factoren die aan bronchiale hyper­
reactiviteit voorafgaan; de rol van luchtwegobstructie op de uitkomst van 
CARA bij kinderen; de invloed van roken op onder meer bet klachtenpatroon, 
de longfunctie, de bronchiale hyperreactiviteit en allergie; en tot slot de moge­
lijke invloed van andere omgevingsfactoren op bet beloop van CARA. 
Factoren die de tijd beinvloeden nodig voor bet volledig herstel van de FEY I na 
een histamine-provocatietest werden bestudeerd in hoofdstuk 2. Daamaast 
werd onderzocht of een tweede provocatie onderzoek nadat de longfunctie 
(FEY1) hersteld was van de eerste, een reproduceerbare PD20-histamine liet 
zien. De conclusie van dit onderzoek was dat de tijd die nodig was voor volledig 
herstel van de FEY 1 na histamine-inhalatie sterk varieerde binnen de groep 
onderzochte kinderen met CARA. Meer dan 50% had hiervoor minder dan 30 
minuten nodig, maar bij twee van de 45 was bet herstel van de FEY I incompleet 
tot 75 minuten na de provocatie. De tijd die nodig was voor herstel was vooral 
afhankelijk van de hoeveelheid geinhaleerde histamine. Geen aanwijzingen 
werden gevonden voor desensitisatie van histamine-receptoren, daar een twee­
de provocatie met histamine resulteerde in een goed reproduceerbare PD20 
waarde. 
Daamaast werd een correlatie gevonden tussen de uitgangs FEY 1 % pred 
waarde en de reactie op histamine. 
De klinische implicaties van deze studie zijn: allereerst dat na een histamine­
provocatietest andere onderzoekingen, zoals inspanningstests, onderzoek van 
de reversibiliteit van de bronchusobstructie, verricht kunnen worden wanneer 
een herstel van de FEY1 tot 95% van de uitgangswaarde is bereikt, en ten 
tweede dat bet herstel van de FEY, sterk verlengd kan zijn en langer kan duren 
dan 75 minuten. Bij deze kinderen kan een tweede onderzoek niet eerder dan 
twee tot drie uur na de histamine- provocatie, of zelfs niet meer op de zelfde dag 
plaatsvinden. 
In bet derde hoofdstuk wordt bet effect bestudeerd van de niet-selectieve 
8-blokker, propranolol, op de longfunctie en hyperreactiviteit bij kinderen met 
CARA. Tweederde van de kinderen hadden zowel op histamine als pro­
pranolol een reactie. 
Een lineaire relatie werd gevonden tussen de PCw-waarden van propranolol en 
histamine. Ipratropiumbromide versnelde bet herstel van de FEY1 na provoca­
tie met propranolol. Onze slotconclusies waren dat de propranolol-provoca­
tietest kan worden gedaan bij kinderen met CARA teneinde de bijdrage te 
bestuderen van bet 8-adrenerge systeem op de regulatie van de tonus van de 
gladde spier van de bronchus. De provocatie test heeft in vergelijking tot de 
histamine-provocatietest een aantal nadelen. Deze zijn de lange duur van de 
test, bet langdurige bronchusobstructieve effect door propranolol en bet feit 
dat alleen de kinderen op propranolol reageren met een duidelijk toegenomen 
hyperreactiviteit. 
Een overzicht over de patienten behorend bij de vervolgstudie wordt in hoofd­
stuk 4 gegeven; hoe zij werden geselecteerd en de wijze waarop zij werden 
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onderzocht. Het onderzoek werd zowel op kinder- als volwassen leeftijd ver­
richt met dezelfde methodieken en materialen. Op de kinderleeftijd werden de 
patienten gedurende vijf dagen opgenomen in het W .A. Scholten ziekenhuis te 
Haren. Bij de volwassenen werd het onderzoek poliklinisch verricht in het 
longfunctielaboratorium van de kinderkliniek. 
De volwassenen werden opgespoord met behulp van het datainformatiesys­
teem van het ziekenhuis, de burgerlijke stand van de gemeente waar ze als kind 
woonden en in een aantal gevallen door de ouders te benaderen, wanneer deze 
nog op dezelfde plaats woonden als gedurende het eerste onderzoek op kinder­
leefti jd. 
Een algemeen overzicht van de patienten van het onderzoek wordt gegeven in 
hoofdstuk 5. Een duidelijke relatie werd gevonden tussen de familie-predispo­
sitie voor CARA en aanhoudende CARA-klachten op volwassen leeftijd ; 
eveneens werd een relatie gevonden tussen het v66rkomen van allergische 
rhinitis en eczeem in de familie en het v66rkomen van deze klachten bij de 
patient. 
Het merendeel van de personen woonde tijdens beide onderzoekingen in de 
naaste omgeving van Groningen, hetgeen impliceert dat de omgevingsfactoren 
voor de meeste personen vergelijkbaar waren gedurende de beide onder­
zoekingen en dat deze factor nauwelijks de resultaten van ons onderzoek kan 
hebben beinvloed. 
Opmerkelijk was dat de meeste volwassenen werk hadden en dat hun beroepen 
alle sociale klasses vertegenwoordigen. 
Geen achterstand in lengtegroei werd bij de personen van de studie gevonden. 
Ook werd geen verschil in lengtegroei gevonden tussen de personen met en 
zonder aanhoudende klachten op volwassen leeftijd. 
Het onderzoek naar verandering van allergie voor huisstof, dieren, graspollen 
en schimmels en verandering in aantal bloedeosinofiele granulocyten van 
kinder- naar volwassen leeftijd wordt besproken in hoofdstuk 6 .  Daamaast 
werd onderzocht welke voorspellende waarde deze onderzoekingen hadden 
voor het hebben van CARA-klachten op volwassen leeftijd . Het aantal huid­
tests dat positief was vermeerderde van kinder- naar volwassen leeftijd; ook 
nam de sterkte van de huidreactie op de geteste allergenen toe. De positiviteit 
van de huidtests voor grassen was bij mannen hoger dan bij vrouwen, hetgeen 
mogelijk wordt veroorzaakt doordat mannen meer buitenshuis zijn dan vrou­
wen. De huidreactie had geen prognostische betekenis voor CARA-klachten 
op volwassen leeftijd. Het aantal personen dat nog eosinofilie had en het totaal 
aantal eosinofiele granulocyten daalde van kinder- naar volwassen Ieeftijd. 
Drieenvijftig kinderen hadden eczeem, tien van hen hadden nog eczeem op 
volwassen leeftijd. Drieentwintig van de kinderen met eczeem hadden nog 
CARA-klachten op volwassen leeftijd. De conclus1e is dat het v66rkomen van 
eczeem geen invloed heeft op de prognose van CARA bij kinderen. 
Gedurende het eerste onderzoek werd bij alle kinderen een inhalatie-huisstof­
provocatietest gedaan. Tijdens het tweede onderzoek werd deze test herhaald 
bij 31 volwassenen. De gegevens van dit onderzoek worden besproken in 
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hoofdstuk 7. De elf die als kind een gecombineerd vroege en late reactie 
hadden, reageerden nog steeds met een bronchusobstuctie op inhalatie van 
huisstof op volwassen leeftijd. Geen van de volwassenen had een ge'isoleerde 
late reactie. De dosis afhankelijkheid van de bronchiale reactie op allergeen 
werd destijds onderzocht bij 14 kinderen met een gecombineerde reactie op de 
inhalatie van 0.5 mg/ml. Op een lagere dosis hadden ze eerst geen of alleen een 
late reactie. Bij verhogen van de dosis van het ge'inhaleerde allergeen ontstond 
weer een gecombineerde reactie. Een mogelijke verklaring voor de afwezig­
heid van de ge'isoleerd late reactie op volwassen leeftijd is dat allergie voor 
inhalatie-allergenen toeneemt met de leeftijd. De vroege reactie wordt vooral 
bepaald door de mate van allergie. Op de kinderleeftijd zal daarom de vroege 
reactie minder vaak optreden dan op volwassen leeftijd. Door de toename van 
allergie van kinder- naar volwassen leeftijd zal de volwassene bijna altijd een 
vroege reactie hebben welke onder meer afhankelijk van de hoeveelheid ge'in­
haleerd allergeen en de mate van bronchiale hyperreactiviteit kan worden 
gevolgd door een late reactie. 
De conclusie van deze studie is dat ofschoon de CARA-klachten zijn ver­
dwenen bij meer dan de helft van de volwassenen, de potentie tot reageren op 
ge'inhaleerd allergeen onverrninderd aanwezig blijft. De uiteindelijke prognose 
van CARA is gunstiger bij de kinderen zonder bronchusobstructieve reactie op 
huisstof dan van degenen die wel op inhalatie van huisstof reageerden. 
De resultaten van de studie naar de prognose van CARA bij kinderen, welke 
werd verricht aan de hand van een gestandaardiseerde vragenlijst, de FEV1 
% pred en de PC10-histamine worden besproken in hoofdstuk 8. 
Drieenveertig procent van de volwassenen had nog CARA-klachten. Medica­
tie werd gebruikt door 34 van hen (79% ), 29 (67%) gebruikte dagelijks medicij­
nen (waaronder 3 orale corticostero'iden), terwijl vijf (12%) zo nodig 82-
sympathicomimetica gebruikten. De overige 9 volwassenen met CARA-klach­
ten gebruikten geen medicatie en waren evenmin onder controle bij een specia­
list. De FEV1 % pred en de PC10-histamine van de volwassenen met CARA­
klachten waren lager zowel op kinderleeftijd als op volwassen leeftijd in ver­
gelijking met diegenen zonder CARA-klachten op volwassen leeftijd. Geen 
verschillen van de FEV1 % pred en de PC10-histamine werden gevonden tussen 
mannen en vrouwen en tussen hen die wel en niet rookten. De bronchiale 
hyperreactiviteit nam sterk af van kinder- naar volwassen leeftijd. 
De uitkomst van CARA bij deze groep volwassenen werd primair bepaald door 
twee factoren op de kinderleeftijd en wel: de mate van bronchusobstructie, 
ofwel de FEV1 % pred, en de mate van bronchiale hyperreactiviteit, ofwel de 
PC10-histamine. In tegenstelling tot andere studies vonden we geen verband 
tussen de uitkomst van CARA bij kinderen en de leeftijd waarop de eerste 
respiratoire klachten zijn begonnen (7). Het is zorgelijk dat 43% van de 
volwassenen rookten en dat 15 rookten ondanks het gegeven dat ze duidelijke 
CARA-klachten hadden. 
Algemene discussie en slotconclusies 
Deze studie naar de prognose van CARA van kinder- naar volwassen leeftijd 
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laat zien, dat ongeveer de helft van de kinderen die naar onze polikliniek werd 
verwezen bij heronderzoek op volwassen leeftijd nog CARA-klachten heeft. 
Een overeenkomstig percentage patienten die op volwassen leeftijd klachten 
houden, wordt ook gevonden wanneer onderzoek wordt gedaan in een geboor­
tecohort. In bet verleden heeft Knol aangetoond dat ongeveer 20% van alle 
kinderen CARA-klachten heeft (13). Slechts een klein percentage van deze 
kinderen, ongeveer 3 tot 4 procent, wordt verwezen naar de specialist (13) . De 
belangrijkste redenen om een kind door te verwijzen zijn:  de lange duur van de 
klachten, de emst van de CARA en bet niet goed reageren op de ingestelde 
therapie.  Goed longitudinaal onderzoek naar de prognose bij de totale groep 
kinderen met CARA en een vergelijking tussen de kinderen die wel en niet zijn 
doorverwezen is tot dusver niet verricht. De prognose van de volledige groep 
kinderen met CARA is mogelijk gunstiger dan van de kinderen die zijn door­
verwezen.  Als er geen verschil is tussen beide groepen zou dit kunnen beteke­
nen dat een aantal kinderen die niet werden doorverwezen onderbehandeld 
zijn .  
Een vervolgstudie vanaf de leeftijd van 7 jaar tot 28 jaar van een geboorte 
cohort in Melbourne, waarin zich kinderen met een geringe maar ook met een 
emstige vorm van CARA bevinden, toont ook aan dat ± 50% van de kinderen 
op volwassen leeftijd nog klachten heeft (4,6,11) .  Bij deze studie heeft men 
toen de kinderen 10 jaar waren een groep van 87 kinderen met een emstige 
vorm van CARA toegevoegd. De reden hiervoor was dat zo weinig kinderen in 
de studie een emstige vorm van CARA hadden. Aparte analyses van beide 
groepen kinderen zijn niet gedaan. Het lijkt waarschijnlijk dat de uitkomst van 
deze studie vooral wordt gedomineerd door de kinderen met een emstige vorm 
van CARA en dat ook deze studie niet goed laat zien hoe bet natuurlijk beloop 
van CARA is bij de totale populatie kinderen waarbij CARA is gediagnosti­
seerd. 
Ons onderzoek toont een relatie aan tussen de FEV1 % pred en de histamine­
drempel. De relatie is echter niet sterk, bet was daarom te verwachten dat elke 
parameter afzonderlijk, maar ook beide een voorspellende functie zouden 
hebben voor de prognose van CARA bij kinderen . Bij nadere analyse van de 
resultaten hadden zowel de FEV1 % pred als de PC10-histamine een voor­
spellende waarde voor de uitkomst van CARA bij kinderen. Zeventig procent 
van de 30 kinderen met een FEY1 % pred :s 70% en/of een PC10-histamine :s 1 
mg/ml en 25% van de 43 kinderen met een FEY, % pred 2: 85% en een 
PC10-histamine 2: 16 mg/ml hadden nag klachten op volwassen leeftijd. Dit 
betekent dat een aantal kinderen met een vrijwel normale longfunctie en 
geringe hyperreactiviteit toch nog klachten heeft op volwassen leeftijd en dat 
deze parameters een sterke indicatie vormen, maar geen absolute uitspraak 
doen over de prognose van CARA bij kinderen. De sterkte van de huidreactie 
en de eosinofilie hadden geen additionele voorspellende functie. 
Postma en medewerkers hebben aangetoond dat bij volwassenen de reversibili­
teit van de bronchusobstructie bepalend is voor de uitkomst van CARA (16). 
De patienten-populaties van haar en onze studie zijn niet vergelijkbaar. Bij 
beide groepen speelt bij de reversibiliteit de relaxatie van glad spierweefsel een 
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rol. Bij volwassenen wordt de reversibiliteit daarnaast bepaald door de mate 
van elasticiteit van de long en bij kinderen mogelijk door de mate van in­
flammatie. Verlies van elasticiteit speelt bij ooze patientengroep geen of slechts 
een ondergeschikte rol. Uit de bevindingen van Kelly en medewerkers valt af te 
leiden dat reversibiliteit op deze jonge leeftijd een geringe voorspellende 
waarde heeft voor de prognose van CARA, daar al zijn volwassenen, ook die 
met een ernstige vorm van CARA, een reversibele bronchusobstructie hadden 
(17). Tot dusver is bij kinderen de voorspellende invloed op de prognose van 
CARA van de respons op bronchodilatatoren als een maat voor de reversibili­
teit van bronchusobstructie niet onderzocht. Ervan uitgaande dat de mate van 
inflammatie bij de reversibliteit op de kinderleeftijd een rol speelt zou zo'n 
onderzoek mogelijk antwoord kunnen geven op de eventuele samenhang van 
inflammatie van de luchtwegen bij kinderen en de uiteindelijke prognose. 
Naast de FEV1 als maat voor bronchusobstructie werd in de Australische 
studie bij volwassenen met een ernstige vorm van CARA een sterke stoornis 
gevonden in de FEF25•75 (forced expiratory flow between 25 and 75% of VC) en 
Vmax5/fLC (maximal expiratory flow at 50% TLC en TLC (17). De beteke­
nis van deze deze longfunctieparameters voor de prognose van CARA op de 
kinderleeftijd is niet onderzocht en zou een additionele functie kunnen hebben 
bij het voorspellen van de prognose van CARA bij kinderen. 
Ons onderzoek is een twee-punts meting, een op kinderleeftijd en een op 
volwassen leeftijd. Informatie is nodig over een aantal vragen, zoals: wat is de 
exacte leeftijd waarop de klachten verdwijnen; wat is de rol van therapie; hoe is 
de longgroei tijdens de puberteit en op jong volwassen leeftijd; wat is de invloed 
van roken, zowel van de ouders als van de patienten zelf? 
Prospectieve vervolgstudies in een grotere groep kinderen met CARA en een 
groep kinderen zonder CARA zijn nodig om antwoorden te vinden op deze 
vragen. 
De slotconclusies zijn: 
De prognose van kinderen met CARA wordt bepaald door de mate van 
bronchusobstructie en de mate van bronchiale hyperreactiviteit op de kin­
derleeftijd. 
De allergie voor inhalatie-allergenen neemt toe van kinder- naar volwassen­
leeftijd. De mate van huid-allergie is niet bepalend voor de prognose van 
CARA bij kinderen. 
De gevoeligheid van de luchtwegen voor huisstof blijft ook op volwassen 
leeftijd aanwezig. De prognose van diegenen die als kind niet op huisstofin­
halatie reageerden is gunstiger in vergelijking met hen die we! reageerden. 
Tachyfylaxie lijkt bij de door ons onderzochte groep kinderen niet aan­
wezig. 
- De propranolol provocatie test kan veilig bij kinderen met CARA worden 
toegepast voor de bestudering van invloeden van het 8-adrenerge systeem 
op de regulatie van de tonus van de gladde spier van de bronchus. 
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Appendix 
Questionnaire of the follow-up study 
In general 
Patient's data: name, address, telephone number, date of birth, gender, civil 
status, actual and previous occupation(s), name of partner, children, family 
doctor, medical specialist, and treatment (actual and previous). 
Cough 
Did your child/you usually cough when getting up in winter? 
Did your child/you usually cough during the day or at night in winter? 
Did your child/you usually cough when getting up in the summer? 
Did your child/you usually cough during the day or at night in summer? 
Did your child/you cough on most days for as much as three or more months a 
year? What period of the year? 
At what age (years) did your child/you start coughing? 
Did your child/you cough almost every day during three months per year? 
Did your child/you have periods of coughing like this in the preceding two 
years? 
At what age did cough begin to disappear? 
Phlegm production 
Did your child/you usually raise phlegm when getting up in winter? 
Did your child/you usually raise phlegm in winter during the day or at night? 
Did your child/you raise phlegm like this on most days, for as much as three 
months a year? 
At what age did your child/you start raising phlegm? 
Did your child/you have a period of an increase in cough and phlegm lasting for 
three weeks or more in the previous two years? 
If your answer to this question was 'yes': Did your child have such a period more 
than once? 
Did raising of phlegm stop, and at what age? 
Dyspnea 
Has your child/have you ever been troubled by shortness of breath when cycling 
against the wind or running or walking up a small slope? 
Has your child/have you ever been troubled by shortness of breath when 
playing outdoors or walking on level ground at a normal speed? 
Did your child/you have to stop regularly because of breathlessness, or to sit 
down when playing outdoors? 
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In what season did your child/you have these complaints? 
How old was your child when you first noticed your child's breathlessness? 
How old was your child when you noticed that these complaints stopped? 
Wheezing 
Did your child/you ever wheeze in the previous years? 
Did your child/you ever wheeze during the past winter? 
Does your child/do you wheeze most days or nights? 
Did your child/you wheeze while having a cold? Did your child/you wheeze 
while not having a cold? 
Did you wheeze in the previous two years? 
At what age did your child start wheezing? 
At what age did wheezing disappear? 
Asthma attacks 
When resting, did your child/you ever have attacks of shortness of breath with 
wheezing (ashmatic attacks)? Did your child/you have these attacks in winter, 
or in summer? How many attacks did your child/you have in the preceding two 
years? 
At what age did your child first have these attacks? 
At what age did your child/you last have these attacks? 
Is your child/are you ever short of breath when resting? 
Influence of the atmosphere 
Do weather conditions influence your child's/your complaints? 
In what circumstances? 
Rhinitis 
Did your child/you ever have a stuffy or a running nose? 
Has your child/have you usually been troubled by a stuffy nose or nasal catarrh? 
Have these troubles been present on most days for as much as three or more 
consecutive months? In winter? In summer? 
At what age did these complaints start? 
Is the nasal discharge mostly yellow or green? 
Does your child/do you have allergic rhinitis? 
At what age did allergic rhinitis start? 
Airway diseases 
Did your child/you in the preceding two years have any airway disease which 
caused absense from school or work, like pneumonia, bronchitis, asthma 
attack, sinusitis? Was your child/were you ever treated for tuberculosis, or 
cardiac disease? 
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In what year did your child/you have these complaints, and what was the 
duration of the illness? 
Skin diseases 
Did your child have infantile atopic dermatitis? 
Does your child/do you have atopic dermatitis? 
Did your child/you ever have urticaria? 
Family history 
What is the composition of the family? 
Do you have subjects in the family who suffered from one or more of the 
following diseases: asthma, (infantile) atopic dermatitis, allergic rhinitis? 
Supplementary questions 
Complaints due to the exposition to house dust 
Did you notice, that your child gets/you get complaints while cleaning blankets, 
carpets etc. ? During swabbing? 
When did your child/you have most complaints: during the day, the evening or 
the night? 
Season and complaints 
In what season does your child/do you have the most complaints? 
Is this during summer, autumn, winter or spring? 
Which complaint is most pronounced: shortness of breath/wheezing/coughing 
or phlegm production? 
Opinion about asthma 
Do you in your opinion still have asthma? 
Smoking 
Did you ever smoke? 
If yes, at what age did you start smoking? 
What do/did you smoke? 
How many cigarettes/cigars/pipes do you smoke a day? 
Did you ever stop smoking? 
At what age did you stop smoking? 
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Analysis of variance 
Bronchoalveolar lavage 
Chronische aspecifieke respiratoire aandoeningen 
Dual asthmatic response 
Early asthmatic response 
Forced expiratory volume in one second 
Late asthmatic response 
Non asthmatic response 
Neutrophyl chemotactic factor 
Not significant 
Platelet activating factor 
Provocation concentration 
Provocation dose 
Forced expiratory flow between 25 and 75% of VC 
Standard error of the mean 
Statistical package for social sciences 
System for statistics 
Threshold 
Vital capacity 
Maximal expiratory flow at 50% TLC 
Percentage of predicted for age and length 
